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FOREWORD 

This  book d e a l s  with one of t h e  most important a spec t s  of present-day 
medicine--pharmacological a c t i o n  on t h e  coronary c i r c u l a t i o n .  It i s  based on 
publ ished m a t e r i a l  r e l a t i n g  t o  t h e  e f f e c t s  of pharmacological substances on 
blood c i r c u l a t i o n  i n  t h e  h e a r t ,  information on t h e  physiology of t h e  blood c i r ­
c u l a t i o n ,  t h e  r e s u l t s  of t h e  a u t h o r ' s  i n v e s t i g a t i o n s  on t h e  inf luence of adre­
nomimetic, cho l ine rg ic ,  and ganglion blocking agents ,  phenothiazine d e r i v a t i v e s ,  
ana lges i c s ,  n i t r i t e s ,  and n i t r a t e s  on t h e  cardiac blood v e s s e l s ,  and t h e  d a t a  on 
c l i n i c a l  t e s t s  of t h e  new vasod i l a to r  ch lo rac i z in .  It w i l l  be noted t h a t  t h e r e  
i s  no monograph i n  t h e  Soviet  or world l i t e r a t u r e  s p e c i a l l y  concerned with t h e  
pharmacology of t h e  coronary c i r c u l a t i o n .  

The e f f e c t  of pharmacological substances on blood c i r c u l a t i o n  i n  t h e  h e a r t  
i s  considered by t h e  author i n  terms of t h e  p e r i p h e r a l  and c e n t r a l  r egu la t ion  of 
t h e  coronary blood flow. Since t h e  blood supply of t h e  h e a r t  depends on many 
f a c t o r s ,  t h e  author u t i l i z e d  d i f f e r e n t  p o s s i b i l i t i e s  of pharmacological ac t ion  
on t h e  coronary v e s s e l s ,  s e l e c t i n g  f o r  i nves t iga t ion  substances d i f f e r i n g  i n  
mechanism of a c t i o n .  The substances t h a t  inf luence t h e  e f f e r e n t  innervat ion of 
t h e  ca rd iac  v e s s e l s  include t h e  adrenomimetics (epinephrine,  norepinephrine),  
m-cholinomimetics ( ace ty l cho l ine ,  carbochol ine) ,  m-cholinolytics ( a t r o p i n e ) ,  
ganglion-blocking agents ( n i c o t i n e ,  pentamine, hexamethonium, hexonium, mecamyl­
amine). The substances t h a t  a f f e c t  c e n t r a l  r egu la t ion  of t h e  coronary c i r c u l a ­
t i o n  include ana lges i c s  (morphine, thecodine,  promedol, phenadon), n i t r i t e s  
(sodiwn n i t r i t e ) ,  and n i t r a t e s  ( n i t r o g l y c e r i n ) .  I n  add i t ion ,  a new c l a s s  of 
pharmacological agents was tes ted--phenothiazine d e r i v a t i v e s  ( ch lo rac i z in ,  mepa­
zine,  chlorpromazine). 

I n  view of t h e  complexity of physiological  r e g u l a t i o n  of t h e  coronary c i r ­
c u l a t i o n ,  t h e  author s tud ied  t h e  e f f e c t  of pharmacological agents on t h i s  proc­
e s s  using a v a r i e t y  of methods. I n  eva lua t ing  t h e  e f f e c t s  of drugs on t h e  blood 
supply of t he  h e a r t ,  considerable  s ign i f i cance  w a s  a t t ached  t o  t h e  volume r a t e  
of t h e  coronary blood flow, tone of t h e  ca rd iac  v e s s e l s  (from r e s i s t a n c e  t o  t h e  
blood f low) ,  oxygen consumption of t h e  h e a r t ,  and ca rd iac  func t ion .  The analy­
s i s  i s  very l o g i c a l  and based on a high experimental l e v e l ,  using t h e  most ad­
vanced techniques of present-day physiology. 

The i n v e s t i g a t i o n s  were q u i t e  success fu l .  Valuable d a t a  were obtained on 
t h e  mechanism of a c t i o n  of t h e  above-named agents on t h e  coronary c i r c u l a t i o n .  
S p e c i f i c a l l y ,  t h e  two-phase na tu re  of t h e  ac t ion  of epinephrine and norepineph­
r i n e  on t h e  ca rd iac  v e s s e l s  w a s  demonstrated. Acetylcholine and carbachol were 
found t o  be capable of d i l a t i n g  t h e  coronary vesse l s  but not  of improving t h e  
ca rd iac  blood supply owing t o  hypotonia.  The e f f e c t  of ganglion-blocking agents 
on blood c i r c u l a t i o n  i n  t h e  h e a r t  w a s  shown t o  depend on t h e  r e l a t i o n s h i p  be­
tween t h e i r  inf luence on t h e  tone of t h e  coronary v e s s e l s  and blood pressure.  
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The author demonstrated t h a t  t h e  e f f e c t  of  ana lges i c s  on t h e  ca rd iac  blood 
supply i s  due not t o  t h e i r  d i r e c t  ac t ion  on t h e  coronary v e s s e l s  but t o  t h e i r  
capaci ty  t o  i n h i b i t  t h e  r e f l e x e s  of t h e s e  v e s s e l s .  By c a r e f u l  a n a l y s i s  of t h e  
e f f ec t  of n i t r i t e s  and n i t r a t e s  on blood c i r c u l a t i o n  i n  t h e  h e a r t ,  t h e  author 
developed a new conception of t h e  mechanism of ac t ion  of t hese  agents on t h e  
coronary vesse l s ,  i . e . ,  t h e i r  favorable  e f f e c t  on t h e  ca rd iac  blood supply i s  
l a r g e l y  dependent on t h e i r  capac i ty  t o  i n h i b i t  t h e  r e f l e x e s  of t h e  ca rd iac  
ves se l s .  

A l l  t h e s e  f ind ings  provide new, more c o r r e c t  and p r e c i s e  ideas  concerning 
t h e  inf luence of many pharmacological agents  on t h e  cardiac blood supply. It i s  
t o  be hoped t h a t  t hey  w i l l  be t h e  b a s i s  f o r  a sounder u t i l i z a t i o n  of t hese  drugs 
i n  t h e  treatment of d i seases  a s soc ia t ed  with impairment of t he  coronary c i r c u l a ­
t i o n .  

A f t e r  s tudying t h e  r e l a t i o n s h i p  between t h e  chemical s t r u c t u r e  and pharma­
co log ica l  ac t ion  of compounds of t h e  phenothiazine s e r i e s ,  t h e  author  proposed a 
new and highly e f f e c t i v e  drug--chloracizin.  C l i n i c a l  t e s t s  of t h i s  zompound 
have shown it. t o  be valuable i n  t r e a t i n g  c e r t a i n  types of impairment of coronary 
c i r c u l a t i o n .  Thus, t h e s e  i n v e s t i g a t i o n s  have g rea t  p r a c t i c a l  value.  

We a n t i c i p a t e  t h a t  t h i s  book w i l l  f i n d  many r eade r s  among both pharmacolo­
g i s t s  and i n t e r n i s t s .  

V. V. Zakusov, Member, USSR 
Academy of Medical Sciences 
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INTRODUCTION 

Diseases a s soc ia t ed  with impairment of t he  coronary c i r c u l a t i o n  are very 
common. Hence, the t reatment  of such d i seases  i s  a m a t t e r  of considerable  i m ­
portance.  I t  i s  now considered one of t h e  main pr3blems of c l i n i c a l  medicine. 
The b a s i s  for solving the problem i s  t o  enlarge our knowledge of the mechanisms 
of ac t ion  of t he  drugs used t o  t rea t  coronary i n s u f f i c i e n c y  and t o  f i n d  new 
e f f e c t i v e  agents .  

Owing t o  the complexity of phys io log ica l  regulat ion of t h e  coronary c i r c u ­
l a t i o n ,  t he re  a re  many d i f f i c u l t i e s  of a procedural order i n  studying it expe r i ­
mentally.  This w a s  one of t he  reasons why ideas  on t h e  a c t i o n  of many pharmaco­
l o g i c a l  agents were derived u n t i l  r e c e n t l y  from the r e s u l t s  o f  experiinerits 
involving t h e  i s o l a t e d  h e a r t .  When applied t o  the i n t a c t  organism, these  ideas  
proved t o  be inexact  and, a t  t imes,  wrong. Some ideas  on the  e f f e c t s  of c e r ­
t a i n  drugs were based on experiments involving t h t  i n t a c t  organism, b u t  the 
d a t a  pro3ied t o  he inexac t  due t o  t h e  irzdequa,:y of t h e  method se1;cted by the 
authors t o  determine the  mechanism of act ion of a given substance.  

Another reason f o r  misconceptions of t h e  e f f e c t s  of zome drugs stemmed 
from i n s u f f i c i e n t  knowledge and con t r ad ic to ry  opinions expressed by var ious i n ­
v e s t i g a t o r s  on many a:;pects of t h e  coronary c i r c u l a t i o n .  Now, however, ad­
:‘a:ices i n  experimental techniques have produced new f a c t s  bear ing on t h e  physio­
l o g i c a l  r egu la t ion  of t he  ca rd iac  blood supply. This has  given r i s e  t o  the 
need t o  reexamine some matters concerned with the inf luence of pharmacological 
agents on t h e  coronary c i r c u l a t i o n ,  r e ly ing  on modern ideas  concerning i t s  
physiological  r egu la t ion  and using adequate experimental  techniques.  

Most drugs have complex mechanisms of a c t i o n  owing t o  the  in t ima te  r e l a ­
t i o n s h i p  between the processes  r e g u l a t i n g  t h e  cardiac blood supply. E luc ida t ion  
of t hese  mechanisms r equ i r e s  the  use of various techniques,  each of which must 
be s u i t e d  t o  the p a r t i c u l a r  aspect  under study. This approach w i l l  r e s u l t  i n  a 
r e a p p r a i s a l  of the ac t ion  of s e v e r a l  pharmacological agents on the  coronary 
c i r c u l a t i o n .  Moreover, w e  be l i eve  t h a t  t he  d a t a  i n  t h i s  book w i l l  be h e l p f u l  
i n  making more e f f i c i e n t  use of t h e s e  agents i n  t h e  t reatment  of var ious forms 
of coronary i n s u f f i c i e n c y .  
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CURRENT STATUS OF THE PHARMACOLOGY OF THE CORONARY CIRCULATION 

The problem can be  considered from many a spec t s .  The ways i n  which pharma­
c o l o g i c a l  agents  may a f f e c t  t h e  ca rd iac  blood supply vary with the  condi t ions 
t h a t  determine i t .  Therefore ,  before  discussing the  pharmacology of t h e  coro­
nary c i r c u l a t i o n ,  w e  must d i scuss  t h e  physiological  mechanisms t h a t  r e g u l a t e  t h e  
blood supply. The main c r i t e r i o n  of t he  state of t he  blood supply i s  gene ra l ly  
taken t o  be the  volume ra te  of t h e  coronary blood flow. This value,  i . e . ,  t h e  
volume of blood t h a t  passes  through the  cardiac v e s s e l s  i n  a given u n i t  of t i m e ,  
r e s u l t s  from the  i n t e r a c t i o n  of s eve ra l  mechanical, biochemical and neurogenic 
f a c t o r s  responsible  f o r  t h e  d e l i c a t e  and mult i faceted r egu la t ion  of t h e  myocar­
d i a l  blood supply.  

The volume r a t e  of t h e  blood flow i n  t h e  ca rd iac  v e s s e l s ,  as i n  t h e  ves se l s  
of any o the r  organ, i s  determined by the c o r r e l a t i o n  between the  energy moving 
t h e  blood and the f o r c e s  causing t h i s  energy t o  be l o s t .  The movement of blood 
i s  determined by t h e  p o t e n t i a l  energy of blood p res su re .  A s  the  blood moves, 
t h i s  energy i s  expended on overcoming the  r e s i s t a n c e  of t h e  blood vesse l s  t o  t h e  
flow of blood. It i s  obvious, t he re fo re ,  t h a t  t he  volume rate  of the blood flow 
Q i n  the ves se l s  of any organ i s  proport ional  t o  arterial  pressure ( P )  and i s  
i n v e r s e l y  p ropor t iona l  t o  the r e s i s t a n c e  ( R )  of t h e  ves se l s  of t h i s  organ. 

Q = _ 	P 
R 

The p e c u l i a r i t i e s  of blood c i r c u l a t i o n  i n  t h e  h e a r t  a r e  due p r imar i ly  t o  
the  f a c t  t h a t  t h e  coronary v e s s e l s  are the  ves se l s  of the organ t h a t  supp l i e s  
the energy required t o  move t h e  e n t i r e  mass of c i r c u l a t i n g  blood. The ca rd iac  
blood supply obviously depends mostly on i t s  own e f f e c t i v e n e s s  as a generator 
of t h e  energy of a r t e r i a l  pressure.  The more e f f i c i e n t l y  the  h e a r t  works, t he  
s t ronger  the s t roke  volume and, other  condi t ions being equal ,  the ar ter ia l  
pressure and, consequently,  t h e  g r e a t e r  the blood flow i s  i n  the  coronary ves­
s e l s .  However, increased e j e c t i o n  of blood by t h e  h e a r t  does not n e c e s s a r i l y  
r e s u l t  i n  an e l eva t ion  of ar ter ia l  p re s su re .  I f  meanwhile t h e  r e s i s t a n c e  of 
any of t he  p e r i p h e r a l  ves se l s  decreases ( a s  happens, for example, during muscu­
lar e x e r t i o n ) ,  ar ter ia l  pressure need not r i se  and, i n  f a c t ,  it may f a l l ,  de­
s p i t e  t he  inc rease  i n  ca rd iac  output .  Obviously t h i s  s i t u a t i o n  should c r e a t e  
disadvantageous condi t ions f o r  t he  ca rd iac  blood supply. But t h i s  does not  
occur under normal condi t ions because the body i s  capable of r egu la t ing  t h e  
ca rd iac  blood supply i n  another way--through t h e  r e s i s t a n c e  of t he  ca rd iac  ves­
se l s  t o  t h e  flow of blood. I n  f a c t ,  even with unchanged or lowered ar ter ia l  
p re s su re ,  t h e  coronary blood flow may be increa.sed by a reduct ion i n  t h e  r e s i s t ­
ance of t he  ca rd iac  v e s s e l s .  The formula noted above, which shows the r e l a t i o n ­
s h i p  between arterial  pressure and r e s i s t a n c e  of t he  coronary v e s s e l s ,  i s  v a l i d  
only f o r  the most gene ra l  statement of energy r e l a t i o n s .  



\With an inc rease  i n  the  a o r t i c  p re s su re ,  t h e  blood flow i n  t h e  ca rd iac  
v e s s e l s  n a t u r a l l y  inc reases .  However, it i s  important t o  note  t h e  mechanism by 
which t h i s  takes p lace .  Judging by Osher's experiments (1953),which involved 
a s tudy of the r e l a t i o n s h i p  between the  coronary blood flow and magnitude of 
a o r t i c  pressure i n  t h e  i s o l a t e d  dog h e a r t ,  a s l i g h t  i nc rease  i n  t h e  a o r t i c  
pressure sharply a c c e l e r a t e s  t h e  ra te  of t h e  coronary blood f low.  

According t o  P o i s e u i l l e ' s  l a w ,  t he  flow rate of a l i q u i d  i n  a system of 
r i g i d  tubes increases  i n  proport ion t o  t h e  p re s su re .  If t h i s  l a w  w e r e  app l i ­
cable t o  the  cardiac ves se l s ,  an inc rease  i n  a o r t i c  pressure of a given number 
of t i m e s  should cause an increase i n  t h e  blood flow the same number of t i m e s .  
I n  po in t  of f a c t ,  however, t h e  coronary blood flow inc reases  many more t i m e s  
than one would expect from P o i s e u i l l e ' s  l a w .  This happens because an inc rease  
i n  a o r t i c  pressure s t r e t c h e s  the  coronary v e s s e l s  so t h a t  t h e i r  lumen en la rges  
and r e s i s t a n c e  decreases p ropor t iona te ly .  Thus, a r t e r i a l  pressure i s  not  only 
a source of energy t o  move t h e  blood, b u t  a f a c t o r  which owing t o  the capac i ty  
of the vascular  wall t o  s t r e t c h  determines t h e  s i z e  of the lumen of t h e  coro­
nary v e s s e l s .  Blood pres su re  should be regarded as one of t h e  mechanical f a c ­
t o r s  t h a t  r e g u l a t e s  the r e s i s t a n c e  of the ca rd iac  ves se l s .  

The s ign i f i cance  of another and e q u a l l y  important f a c t o r  i s  l ikewise r e ­
l a t e d  t o  the capac i ty  of t he  coronary v e s s e l s  t o  change the  lumen under the  i n ­
f luence of mechanical f o r c e s .  Due t o  the e l a s t i c  p r o p e r t i e s  of t h e  v e s s e l s ,  
t h e  s i z e  of t h e i r  lumen n a t u r a l l y  v a r i e s  w i t h  t h e  d i r e c t i o n  i n  which the  mechan­
i c a l  fo rce  may be operat ing.  I n  t h e  case j u s t  considered, t h i s  f o r c e  ( a r t e r i a l  
p re s su re )  acted wi th in  t h e  ves se l s  so t h a t  t h e  d i f f e rence  between the pressures  
wi th in  t h e  ves se l s  and i n  t h e  h e a r t  t i s s u e s  ( t h e  so -ca l l ed  transmural p re s su re )  
grew. However, when the pressure i n  the  myocardium inc reases  as it c o n t r a c t s ,  
t h e  transmural pressure decreases .  A s  a r e s u l t ,  t he  lumen of t he  ca rd iac  ves­
s e l s  decreases and t h e i r  r e s i s t a n c e  t o  t h e  blood flow inc reases  p ropor t iona te ly .  
This p e c u l i a r i t y  of func t ion  of t he  coronary v e s s e l s ,  which i s  caused by t h e  
c y c l i c a l  nature  of ca rd iac  a c t i v i t y ,  has been t h e  o b j e c t  of a g r e a t  many inves­
t i g a t i o n s .  

With the he lp  of s p e c i a l  methods, t h e  s e n s i t i v i t y  of which permits  t he  
de t ec t ion  of f l u c t u a t i o n s  i n  the coronary blood flow a t  d i f f e r e n t  per iods of 
t he  cardiac cycle ( t h e  "phase changes" i n  t h e  blood f low) ,  it w a s  found t h a t  
during a s y s t o l e ,  the contract ion phase, and a t  t h e  start  of t he  e j e c t i o n  phase 
the rate of t he  coronary blood flow dec reases .  A sharp inc rease  i n  extravascu­
lar  r e s i s t a n c e  i n  t h e  l e f t  h e a r t  r e s u l t s  even i n  a reverse  f l a w  of blood i n  the 
l e f t  coronary a r t e r y .  Then the  coronary flow gradual ly  inc reases  simultane­
ously with increased p res su re  i n  t h e  a o r t a .  During a d i a s t o l e  t h e  ra te  of the 
coronary blood flow inc reases ,  reaching a maximum by the middle of t h e  d i a s t o l e  
and decreasing once more as it ends (Gregg, Green and Wiggers, 1935; Green, 
Gregg, m d  Wiggers, 1935; Johnson and Wiggers, 1937;Green and Gregg, 1940) .  
Such i s  the  p a t t e r n  of changes i n  the  blood flow i n  t h e  cardiac v e s s e l s  during 
the  cardiac cyc le .  This ,  however, does not  exhaust t h e  f a c t o r s  t h a t  may mechan­
i c a l l y  br ing about changes i n  the ca rd iac  blood supply. The ra te  of ca rd iac  
contract ions s i g n i f i c a n t l y  inf luences the  volume rate of t h e  coronary blood 
flow. It  w a s  found t h a t  changes i n  t h e  coronary blood flow fol lowing an i n ­
crease i n  the  rate of con t r ac t ions  are caused by a shortening of t he  d i a s t o l e .  
For example, under the  conditions of a hear t - lung p repa ra t ion  with a high 
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frequency of cardiac con t r ac t ions  induced by e l e c t r i c a l  s t imu la t ion  of t h  : heaxt ,  
t h e  volume rate  of the coronary blood flow may decrease (Anrep, 1936).  On t h e  
o the r  hand, during an a sys to l e  caused by s t imu la t ion  of t h e  vagus nerve,  the 
blood flows more r a p i d l y  i n  the ca rd iac  ves se l s  (Gregg and Sabis ton,  1956). 
However, a study of f l u c t u a t i o n s  i n  t h e  coronary blood flow r e s u l t i n g  from spon­
taneous changes i n  the ca rd iac  ra te  showed t h e  two processes t o  be r e l a t e d .  An 
increase i n  t h e  ca rd iac  ra te  i n t e n s i f i e s  the coronary blood flow. This rela­
t i o n s h i p  may a l s o  be observed i n  a hear t - lung p repa ra t ion  ( K a t z ,  Wise and 
Jochim, 1945a, b )  and i n  experiments on the  h e a r t  i n  s i t u  (Eckenhoff, 
Hafkenschiel and Landmesser , 1947; F o l t z ,  Page, Sheldon, Wong , Tuddenham and 
Weis, 1950).  

Note, however, t h a t  t h e  inf luence of changes i n  t h e  ca rd iac  r a t e  on t h e  
coronary blood flow obviously cannot be regarded as mechanical. Laurent e t  a l .  
(1956) and A l e l l a  e t  a l .  (Alella,  W i l l i a m s ,  Bolene-Williams and K a t z ,  1955; 
A l e l l a ,  1956) found t h a t  an inc rease  i n  the  volume rate of t he  coronary blood 
flow, which may follow an inc rease  i n  t h e  ca rd iac  ra te ,  r e s u l t s  from changes 
t h a t  take place i n  t h e  r a t e  of myocardial metabolism. According t o  A l e l l a ,  t h e  
p a r a l l e l i s m  of t h e s e  processes p e r s i s t s  on ly  i f  t h e r e  a re  no marked changes i n  
cardiac func t ion .  

Thus f a r  we have considered only t h e  mechanical f a c t o r s  t h a t  a f f e c t  t h e  
r e s i s t a n c e  of t he  v e s s e l s  of the h e a r t  and, consequently, i t s  blood supply. 
The conditions t h a t  determine t h e  s t a t e  of t he  ca rd iac  blood supply a r e  so 
c l o s e l y  i n t e r r e l a t e d  t h a t  it would be q u i t e  a r t i f i c i a l  t o  s epa ra t e  them. W e  
pointed out above t h a t  a r t e r i a l  pressure e x e r t s  a double inf luence on the  c a r ­
d i ac  ves se l s  i n  t h a t  i t  both determines the  energy of blood flow i n  these  ves­
s e l s  and f a c i l i t a t e s  t h e i r  mechanical d i s t e n t i o n .  There i s  s t i l l  another i m ­
po r t an t  mechanism f o r  r egu la t ing  t h e  cardiac blood supply and t h e  i n t e n s i t y  of 
i t s  manifestat ion v a r i e s  with t h e  l e v e l  of systemic a r t e r i a l  p re s su re .  An 
e l e v a t i o n  of a r t e r i a l  pressure i s  known t o  increase the h e a r t ' s  load,  r e s u l t i n g  
i n  changes i n  t h e  metabolism of t h e  myocardium. According t o  some inves t iga ­
t o r s ,  changes i n  t h e  ca rd iac  ou tpu t ,  the second component responsible  f o r  t he  
i n t e n s i t y  of cardiac func t ion ,  do not markedly a f f e c t  t h e  blood supply.  It w a s  
found i n  the  i n t a c t  organism t h a t  changes i n  cal.diac output a r e  not  s i g n i f i ­
c a n t l y  r e f l e c t e d  i n  the  volume r a t e  of the coronary blood flow, provided t h a t  
meanwhile there  axe no important changes i n  the  l e v e l  of systemic a r t e r i a l  p r e s ­
su re .  For example, K a t z  and coauthors ( K a t z ,  K a t z  and W i l l i a m s ,  1955) pe r ­
formed experiments on a h e a r t  p repa ra t ion  i n  s i t u  under condi t ions t h a t  enabled 
them t o  c o n t r o l  the inf luence of c e r t a i n  f a c t o r s  on t h e  coronary blood flow by 
s t a b i l i z i n g  one OF them or by smoothing ou t  t h e i r  f l u c t u a t i o n s .  They discovered 
t h a t  when blood pressure i s  s t a b i l i z e d ,  a marked increase i n  cardiac output does 
not  s i g n i f i c a n t l y  i n t e n s i f y  the volume ra te  of t he  coronary flow. It i s  i n t e r ­
e s t i n g  t o  note t h a t  i f  t h e  blood pressure l e v e l  remains high, changes i n  t h e  
coronary flow a r e  more pronounced. I f  blood pressure i s  s t a b i l i z e d  a t  a low 
l e v e l ,  even a sharp r i se  i n  ca rd iac  output  does not a f f e c t  t he  flow rate  i n  t h e  
coronary v e s s e l s  (Anrep and S e g a l l ,  1926).  

It i s  c l e a r  from t h e  foregoing t h a t  changes i n  t h e  coronary blood flow are 
determined by t h e  energy expended by  t h e  h e a r t  i n  performing mechanical work, 
t h e  i n t e n s i t y  of which l a r g e l y  depends on the  l e v e l  of systemic a r t e r i a l  p r e s ­
s u r e .  An increase i n  t h e  h e a r t ' s  load i n t e n s i f i e s  myocardial metabolism, re­
s u l t i n g  i n  the establ ishment  of a new l e v e l  of blood supply. 
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The coronary v e s s e l s  are known t o  b e  extremely s e n s i t i v e  t o  t he  oxygen con­
t e n t  of ar ter ia l  blood. I n  experiments on t h e  h e a r t  i n  s i t u ,  i t  w a s  found t h a t  
a decrease i n  oxygen content  of a r t e r i a l  blood, even though it  does no t  reach 
the  lower l i m i t s  of t he  phys io log ica l ly  normal, i nc reases  the volume rate of 
the coronary blood flow (Rein,  1951; Ale l la ,  1954). Seve ra l  i n v e s t i g a t o r s  dem­
ons t r a t ed  t h a t  t he  blood flow inc reases  i n  t h e  ca rd iac  v e s s e l s  with a decrease 
i n  oxygen content  of a r t e r i a l  blood r ega rd le s s  of c y c l i c a l  changes i n  cardiac 
a c t i v i t y ,  rate of h e a r t  b e a t s ,  ex t r aca rd iac  innervat ion,  or o the r  f a c t o r s  
(Green and Wegria, 1942; Wiggers, 1954; o t h e r s ) .  Thus, t he  l e v e l  of t he  myocar­
d i a l  oxygen supply i s  obviously one of t h e  major f a c t o r s  responsible  f o r  changes 
i n  t h e  tone of the coronary v e s s e l s .  There i s  a d e f i n i t e  r e l a t i o n s h i p  between 
the volume rate of the coronary flow and t h e  myocardial oxygen consumption of 
t h e  myocardium (Spencer,  Merrile, Powers and Bing , 1950; F o l t z  , Page, Sheldon, 
Wong, Tuddenham and Weis, 1950). An inc rease  or  decrease i n  myocardial oxygen 
consumption causes changes i n  the coronary blood flow i n  the  same d i r e c t i o n .  
The h e a r t  muscle consumes oxygen very r a p i d l y .  The venous blood of t h e  coronary 
vesse l s  under normal condi t ions contains  only 20-30 percen t  oxyhemoglobin, 
which c o n s t i t u t e s  the "myocardial oxygen reserve."  Under these  condi t ions t h e  
oxygen requirement of t h e  myocardium tha t  i s  i n t e n s i f i e d  by var ious f a c t o r s  
n a t u r a l l y  cannot be s a t i s f i e d  owing t o  the  s t i l l  g r e a t e r  decrease i n  oxygen con­
t e n t  of t he  coronary blood. Therefore,  the  only poss ib l e  mechanism f o r  s a t i s f y ­
ing  the  myocardium's need of oxygen i s  obviously an increase i n  the  volume r a t e  
of t he  coronary blood flow. 

Some i n v e s t i g a t o r s  ( F o l t z ,  Page, Sheldon, Wong, Tuddenham and Weis, l 9 W ;  
Alel la ,  W i l l i a m s ,  Bolene-Williams and K a t z ,  1955) made a s t a t i s t i c a l  a n a l y s i s  
of t he  connection between changes i n  myocardial oxygen consumption and volume 
r a t e  of t he  coronary blood flow, concluding t h a t  t hese  processes are c l o s e l y  
co r re l a t ed .  They deduced from the i r  data t h a t  the l e v e l  of myocardial oxygen 
consumption i s  the  cond i t ion  tha t  determines t h e  i n t e n s i t y  of t he  corresponding 
changes i n  t h e  coronary blood flow 

Without denying the  soundness of t h i s  view, S c o t t  and Balourdas (1959) 
c r i t i c a l l y  examined the  a n a l y t i c a l  data used by these  authors  as confirmation 
of t he  f u n c t i o n a l  r e l a t i o n s h i p  between changes i n  the  coronary blood flow and 
rate of myocardial oxygen consumption. They showed t h a t  the c o r r e l a t i o n  e s t ab ­
l i s h e d  i s  f a l s e  because t h e  volume ra te  of t h e  coronary flow i s  taken i n t o  con­
s i d e r a t i o n  when c a l c u l a t i n g  the  amount of oxygen u t i l i z e d  by the h e a r t ,  i . e . ,  
t h e r e  i s  a c o r r e l a t i o n  between two parameters with a common element--the value 
of t he  volume ra te  of t he  coronary blood flow. This kind of s t a t i s t i c a l  analy­
sis c l e a r l y  cannot serve as proof of a s t r i c t  f u n c t i o n a l  r e l a t i o n s h i p  between 
t h e  magnitude of t he  volume r a t e  of t h e  coronary blood flow and the i n t e n s i t y  
of myocardial oxygen consumption. The d a t a  i n d i c a t e  tha t  t h e  c o r r e l a t i o n  be­
tween myocardial oxygen consumption and volume r a t e  of t h e  coronary blood flow 
noted by many authors  throws no l i g h t  on the mechanism by which t h e  c o r r e l a t i o n  
arises and i s  maintained a t  a given dynamic l e v e l .  The commonest view i s  that  
the accumulation of metabol i tes  i n  t h e  myocardium i s  a s i g n a l  f o r  the volume 
rate of the coronary blood flow t o  inc rease .  

I n  t h i s  connection the  observations of Berne and coauthors (Berne, 
Blackmon and Gardner, 1957) are of i n t e r e s t .  These i n v e s t i g a t o r s  perfused the 
coronary vesse l s  of a dog recipient.  with t h e  blood of a dog donor, using f o r  
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t h i s  purpose a pump t o  keep the  per fus ion  pressure cons tan t .  They found t h a t  
when the  per fus ion  pressure  i s  a t  a high l e v e l ,  i . e . ,  the myocardium i s  r ap id ly  
suppl ied with blood, a lowering of oxygen t ens ion  i n  t h e  a r t e r i a l  blood flowing 
i n t o  t h e  coronary vesse l s  does not increase  t h e  volume rate of t h e  coronary 
flow. These observat ions l e d  t h e  authors  t o  conclude t h a t  a low l e v e l  of oxygen 
tens ion  i n  arterial  blood cannot by i t se l f  cause t h e  rate of the  coronary blood 
flow t o  increase .  The parameter t h a t  r egu la t e s  the blood flow i s  ev iden t ly  t h e  
rate of myocardial oxygen consumption. Thus, a f a c t o r  i n  r egu la t ing  the  coro­
nary blood flow i s  myocardial hypoxia and not  a lowering of t he  oxygen content  
of the  ar ter ia l  blood. 

However, t h i s  conclusion w a s  no t  confirmed by Guz and coauthors (Guz, 
Kurland and Freedberg,  1960), who discovered t h a t  a decrease i n  the  oxyhemo­
globin concentrat ion of t he  blood during perfusion of t he  i s o l a t e d  r a b b i t  h e a r t  
a t  a constant pressure  causes the  coronary blood flow t o  inc rease .  A t  t h e  same 
t i m e  t h e r e  a re  no s i g n i f i c a n t  changes i n  t h e  card iac  ra te ,  pressure  i n  the  ven­
t r i c l e s ,  or myocardial oxygen consumption. These authors  be l i eve ,  t he re fo re ,  
t h a t  a decrease i n  oxygen content  of t h e  ar ter ia l  coronary blood i s  a s i g n a l  
f o r  the volume rate  of t he  blood flow t o  inc rease .  

The preva len t  opinions on t h e  mechanism serving t o  l i n k  t h e  processes  re­
sponsible  f o r  changes i n  myocardial metabolism t o  t h e  l e v e l  of t h e  card iac  
blood supply a re  c l e a r l y  cont rad ic tory .  Fur ther  experimental  s tudy w i l l  be re­
quired before  the  problem i s  f i n a l l y  solved. 

The data presented t e s t i f y  t o  t h e  g r e a t  importance of hemodynamic condi­
t i o n s ,  c y c l i c a l  changes i n  card iac  a c t i v i t y ,  and, above a l l ,  the  l e v e l  of i n t en ­
s i t y  of t he  myocardial metabolic processes  i n  regula t ing  t h e  card iac  blood 
supply.  However, t he  d iscuss ion  of r egu la t ion  of t h e  coronary c i r c u l a t i o n  
would be incomplete without mention of nervous r egu la t ion  of the  tone of t he  
coronary v e s s e l s .  

The quest ion of nervous r egu la t ion  of the  card iac  blood supply has  long 
i n t e r e s t e d  i n v e s t i g a t o r s .  Although it st imulated a g r e a t  many experimental  
s t u d i e s ,  t he re  s t i l l  i s  no consensus on t h e  nervous pathways through which t h i s  
r egu la t ion  i s  e f f e c t e d .  The reason f o r  t h i s  i s  t o  be found i n  t h e  procedural  
d i f f i c u l t i e s  involved i n  experimental  work. Changes i n  t h e  hemodynamics, ca r ­
d iac  a c t i v i t y ,  and i n t e n s i t y  of myocardial metabolism observed after sec t ion  o r  
s t imula t ion  of t he  card iac  nerves m a k e  it d i f f i c u l t  t o  i d e n t i f y  the f a c t o r s  
t h a t  d i r e c t l y  inf luence  the  tone of t h e  coronary v e s s e l s .  The method of record­
ing  the  volume rate  of t h e  coronary flow normally used t o  appraise  the  card iac  
blood supply makes it impossible t o  d i s t i n g u i s h  changes i n  r e s i s t ance  of t he  
ves se l s  proper from hemodynamic and ex t ravascular  in f luences .  Thus, t he  d i f f e r ­
e n t  authors  have c o n f l i c t i n g  views on the  sub jec t .  

The view wi th  t h e  most support  i s  t h a t  vasocons t r ic t ing  impulses are 
t r ansmi t t ed  along the  vagus nerve t o  t h e  coronary vesse ls  and t h a t  t he  sympa­
t h e t i c  f i b e r s  a c t  t o  d i l a t e  them (Morawitz and Zahn, 1912; Anrep and S e g a l l ,  
1926; Rein,  1932; Gollwitzer-Meier and Kruger, 1935;Green, 1935; I. A .  
Baryshnikov, N .  V .  Bekauri and Y e .  A .  Moiseyev, 1949; o the r s )  
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Other i n v e s t i g a t o r s ,  however, maintain t h a t  s t imu la t ion  of t h e  sympathetic 
nerves or i n j e c t i o n  of epinephrine or norepinephrine may c o n s t r i c t  t he  coronary 
v e s s e l s  ( K a t z ,  Linder,  Weinstein,  Abramson and Jochim, 1938; Katz and Jochim, 
1953; Smith, 1950; Smith, Syverton and Coxe, 1951; Lu and Melv i l l e ,  1951; Brose, 
Schaefer ,  Brendel and Gladewitz, 1953). This view i s  confirmed by some c l i n i ­
c a l  observat ions of angina p e c t o r i s  a t t a c k s  being accompanied by a number of 
symptoms i n d i c a t i v e  of e x c i t a t i o n  of t h e  sympathetic nervous system. S t i l l  
o t h e r s  be l i eve  t h a t ,  i n  gene ra l ,  nervous r e g u l a t i o n  of t h e  coronary v e s s e l s  does 
not  p l a y  an important r o l e  i n  t h e  myocarilial blood supply and t h a t  t h e r e  are 
v i r t u a l l y  no d i r e c t  vasomotor inf luences on t h e  ca rd iac  v e s s e l s  (Shipley,  Ro t t a ,  
Gregg and P r i t cha rd ,  1941; Shipley and Gregg, 1945; Eckenhoff, Hafkenschiel ,  
Landmesser and H a r m e l ,  1947;Eckstein,  Stroud,  Dowling, Eckel  and P r i t c h a r d ,  
1949; Eckstein,  Stroud,  Dowling and P r i t c h a r d ,  1950; Okinaka e t  al., 1958). 
This conclusion w a s  de r ived  mainly from t h e  f a c t  t h a t  s t imu la t ion  of t h e  c a r ­
d i ac  nerves i n t e n s i f i e s  t h e  coronary blood flow due t o  i n t e n s i f i e d  myocardial 
metabolism. 

Many i n v e s t i g a t o r s  are i n c l i n e d  t o  regard t h i s  secondary e f f e c t  r e s u l t i n g  
from increase i n  the r a t e  and f o r c e  of h e a r t  con t r ac t ions  as the p r i n c i p a l  
manifestat ion of t he  inf luence of the  sympathetic nervous system on t h e  l e v e l  
of the ca rd iac  blood supply. For example, Sh ip ley  and Gregg (1945) concluded 
f r o m  t h e i r  experiments with s t imulat ion of t h e  s t e l l a t e  gang l i a  t h a t  t he  cardiac 
nerves a r e  no t  primary p a r t i c i p a n t s  i n  t h e  mechanism re spons ib l e  f o r  changes i n  
the  cardiac blood supply.  I n t e n s i f i c a t i o n  of t he  con t r ac t ions  by s t imu la t ion  of 
these nerves increases  ca rd iac  metabolism and r e s u l t s  i n  d i l a t a t i o n  of t h e  coro­
nary v e s s e l s .  Thus, t hese  authors  b e l i e v e ,  the  r o l e  played by t h e  ca rd iac  sym­
p a t h e t i c  nerves c o n s i s t s  of adapting t h e  coronary blood flow t o  the i n t e n s i t y  of 
t he  work performed by the h e a r t .  

The foregoing c l e a r l y  i l l u s t r a t e s  i n  our opinion,  the d i s s i m i l a r i t y  of ex­
perimental  observations and con t r ad ic to ry  judgments expressed by d i f f e r e n t  
authors on the p a r t  played by the  nervous system i n  r e g u l a t i n g  the ca rd iac  blood 
supply. However, i n  r ecen t  years  new f ind ings  have been published which throw 
l i g h t  on the  innervat ion of t he  coronary v e s s e l s .  

Before discussing them, w e  must note t h a t  t he  ideas  concerning the vaso­
c o n s t r i c t o r  e f f e c t  of t h e  vagus nerves on t h e  coronary v e s s e l s  arose mainly from 
two experimental phenomena: (1) vagotomy inc reases  the volume r a t e  of t he  ccro­
nary blood flow; ( 2 )  s t imu la t ion  of the p e r i p h e r a l  segment of t h e  sect ioned 
vagus nerve gene ra l ly  helps  t o  reduce the blood flow i n  the  coronary v e s s e l s .  

Several  i n v e s t i g a t o r s  attempted t o  determine t h e  e x t e n t  t o  which these 
phenomena depend on the  d i r e c t  inf luence of vagus impulses on the  coronary ves­
s e l s .  Most i n v e s t i g a t o r s  compared changes i n  t h e  ra te  and rhythm of t h e  h e a r t  
w i t h  changes i n  the volume r a t e  of the coronary flow t h a t  followed s t imu la t ion  
of the vagus nerve.  However, it i s  gene ra l ly  impossible t o  d i f f e r e n t i a t e  vascu­
lar from extravascular  e f f e c t s  i n  t h i s  k ind  of a comparison (Sassa,  1923; 
Eckenhoff, Hafkenschiel and Landmesser, 1947; Winbury and Green, 1952). Z .  T .  
Samoylova (1957) conjectured t h a t  vasomotor f i b e r s  form p a r t  of t he  vagus nerves .  
She observed t h a t  when arterial  pressure w a s  s t a b i l i z e d ,  s t imu la t ion  of t h e  
vagus nerve induced independent changes i n  t h e  coronary blood flow and ca rd iac  
r a t e .  However, t h i s  conclusion w a s  based on i n d i r e c t  evidence. 
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More convincing r e s u l t s  were obtained by Schreiner  and coauthors (1957) who 
used the  method of inducing an a r t i f i c i a l l y  assigned rhythm i n  t h e i r  experiments. 
They found t h a t  vagus s t imu la t ion  with a s t a b i l i z e d  ca rd iac  rhythm has no e f f e c t  
on t h e  volume rate  of t h e  coronary blood flow, pressure i n  t h e  v e n t r i c l e s ,  or 
myocardial oxygen consumption. Denison and Green ( l 9 % ) ,  who inves t iga t ed  aver­
age and phasic  blood flow i n  the coronary v e s s e l s  with an electromagnetic flow 
meter, came t o  a s i m i l a r  conclusion. They fa i led  t o  observe any s i g n i f i c a n t  
changes i n  t h e  average coronary blood flow after vagus s t imu la t ion .  They noted 
only s l i g h t  phasic  changes caused by lengthening of t h e  d i a s t o l e .  

Of i n t e r e s t  he re  are the  observat ions of S c o t t  and Balourdas (1959a, 1960), 
who showed t h a t  under t h e  condi t ions of a chronic a t r i o v e n t r i c u l a r  block n e i t h e r  
vagotomy nor a t ropine causes the  volume r a t e  of t he  coronary blood flow t o  i n ­
crease because i n  doing so  no changes take p l ace  i n  t h e  ra te  of v e n t r i c u l a r  con­
t r a c t i o n s .  They concluded from t h e i r  experiments t h a t  t h e  vagus nerve has  no 
d i r e c t  e f f e c t  on t h e  blood flow i n  t h e  coronary v e s s e l s .  

Szent ivanyi  and Nagy (1959), who observed t h a t  vagus s t imu la t ion  i n  a 
h e a r t  p repa ra t ion  i n  s i t u  gene ra l ly  causes no changes i n  t h e  coronary blood flow, 
a r e  of the same opinion.  The occasional  decrease i n  outflow from t h e  coronary 
v e s s e l s  following vagus s t imu la t ion  w a s  not  dup l i ca t ed  a f t e r  removal of the 
s t e l l a t e  gang l i a  and i n j e c t i o n  of dibenamine. However, t h i s  e f f e c t  w a s  r e l i e v e d  
by a t rop ine ,  from which t h e  authors  i n f e r r e d  t h a t  t he  vagus nerves contain sym­
p a t h e t i c  f i b e r s  capable of being e x c i t e d  by a reduct ion of t h e  blood flow i n  t h e  
ca rd iac  v e s s e l s .  

Thus, i n  summing up the  r e s u l t s  of s t u d i e s  by d i f f e r e n t  i n v e s t i g a t o r s  who 
used some new procedures,  w e  conclude t h a t  t h e  vagus nerves do not  d i r e c t l y  ex­
e r t  a t o n i c  inf luence on t h e  coronary v e s s e l s .  The e f f e c t s  of increasing t h e  
coronary flow a f t e r  t r a n s e c t i n g  t h e  vagus nerves and decreasing t h e  flow by 
s t imu la t ing  them, which w e r e  the  b a s i s  f o r  assuming t h a t  t h e  vagus nerves have a 
t o n i c  vasocons t r i c to r  a c t i o n ,  a r e  due t o  ex t r avascu la r  i n f luences .  There i s  no 
ready explanat ion f o r  t h e  v a r i e t y  of e f f e c t s  observed a f t e r  t h e  adminis t ra t ion 
of ace ty l cho l ine  and s t imu la t ion  of t h e  vagus nerves.  Of i n t e r e s t  i n  t h i s  con­
nect ion a r e  t h e  data obtained by Folkow e t  a l .  (Folkow, Haeger and Uvnas, 1948; 
Folkow, F r o s t  and U v n a s ,  1949), who s t imulated the s t e l l a t e  gang l i a  i n  expe r i ­
ments with perfusion of t h e  coronary v e s s e l s  and found a substance with the  b i o ­
l o g i c a l  p r o p e r t i e s  of ace ty l cho l ine  i n  the  pe r fusa t e .  They conjectured t h a t  t he  
h e a r t  has  cho l ine rg ic  v a s o d i l a t i n g  f i b e r s  of sympathetic na tu re  and t h a t  d i l a ­
t i o n  of t h e  coronary v e s s e l s  by ace ty l cho l ine  may be  due t o  i t s  inf luence on t h e  
t ransmission of e x c i t a t i o n  along t h e s e  f ibers .  

Some new information i s  a l s o  ava i l ab le  on p a r t i c i p a t i o n  of t he  sympathetic 
nerves i n  t o n i c  in f luences  on the  coronary v e s s e l s .  Szent ivanyi  e t  a l .  
(Szent ivanyi  and K i s s ,  1956, 1957; Szentivanyi and Nagy, 1959) i n  experiments on 
a h e a r t  p repa ra t ion  i n  s i t u  using s e l e c t i v e  s t imu la t ion  of d i f f e r e n t  sympathetic 
f ibers  and employing the  method of pharmacological a n a l y s i s  showed t h a t  two 
groups of sympathetic f i b e r s  proceed toward the  h e a r t .  Some of them i n t e r c e p t e d  
i n  t h e  s te l la te  g a n g l i a  send postgangl ionic  f i b e r s  t o  t h e  muscular nodes of the 
ca rd iac  conduction system. These f i b e r s  inf luence t h e  me tabo l i t i c  func t ion  of 
t h e  myocardium. When s t imulated they  may secondari ly  increase t h e  coronary 
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blood flow as a r e s u l t  of i n t e n s i f i e d  myocardial metabolism. The o t h e r  group of‘ 
sympathetic f ibers  i s  n o t  i n t e rcep ted  i n  t h e  s te l la te  g a n g l i a .  Their  pregangl i ­
onic  f i b e r s  terminate  i n  t h e  gang l i a  l y ing  i n  t h e  h e a r t  muscle while t h e  p o s t -
gangl ionic  f ibers  t r a n s m i t  c o n s t r i c t i n g  and d i l a t i n g  impulses t o  t h e  ca rd iac  
v e s s e l s .  This last  w a s  found i n  experiments which showed t h a t  t h e  e f f e c t  of 
f i be r  s t imu la t ion  which r e s u l t s  i n  d i l a t a t i o n  of t h e  coronary v e s s e l s  may be re­
l i e v e d  by a t rop ine  , t h e  vasocons t r i c t ing  e f f ec t - -by  dihydroergotamine. The ad­
d i t i o n  of hexamethonium t o  the pe r fusa t e  p reven t s  r e a c t i o n s  of bo th  types .  Thus, 
according t o  Szent ivanyi  and coauthors,  t o n i c  inne rva t ion  of t he  coronary ves­
sels i s  e f f e c t e d  by t h e  sympathetic nerves .  These f i n d i n g s  along w i t h  t he  above-
mentioned observat ions on t h e  r o l e  of t h e  vagus nerves  i n  r egu la t ing  t h e  tone of 
t h e  coronary v e s s e l s  obl ige us t o  reconsider  t h e  ear l ie r  ideas  on nervous regu­
l a t i o n  of c i r c u l a t i o n  i n  the  h e a r t .  There i s ,  however, reason t o  quest ion 
Szen t ivany i ’ s  assumption regarding the  presence of sympathetic gang l i a  i n  t h e  
myocardium i t s e l f .  

We have a l r eady  s t a t e d  t h a t  t he  v a r i e t y  of r egu la to ry  inf luences on the 
ca rd iac  v e s s e l s  m a k e s  it d i f f i c u l t  t o  determine t h e  d i r e c t  t o n i c  e f f e c t  of nerve 
impulses on them. This  s i t u a t i o n  l e n t  support  t o  t he  view t h a t  i n f luences  of 
t h i s  kind are v i r t u a l l y  absent .  The r ecen t  work of Branchfeld, Monroe and 
Gor l in  (1960)endeavored t o  e l u c i d a t e  t h i s  m a t t e r .  These i n v e s t i g a t o r s  found 
t h a t  “per icoronary denervation” ( s u r g i c a l  removal of t h e  nerve elements from t h e  
su r face  of t h e  blood v e s s e l s  o r  applying novocaine t o  them) markedly inc reases  
t h e  coronary blood flow and reduces the  rate of oxygen e x t r a c t i o n .  These f a c t s  
show t h a t  t h e  ca rd iac  v e s s e l s  have a d e f i n i t e  vasomotor tone .  Denervation 
causes a l o s s  of t h i s  tone,  r e s u l t i n g  i n  increased coronary blood flow and myo­
c a r d i a l  oxygen consumption. 

The d a t a  t h a t  w e  presented on nervous r egu la t ion  of coronary vascu la r  tone 
c l e a r l y  i l l u s t r a t e  t h e  complexity of t he  problem. However, on the  basis  of the 
l i t e r a t u r e  w e  f i n d  it p l a u s i b l e  t o  be l i eve  t h a t  the coronary v e s s e l s  have a 
d e f i n i t e  neurogenic tone ,  apparent ly  e f f e c t e d  by t h e  sympathetic nervous system. 
The vagus nerves do not  seem t o  take d i r e c t  p a r t  i n  conducting nervous impulses 
t o  the ca rd iac  v e s s e l s  so  t h a t  t h e i r  inf luence on the coronary blood flow i s  
secondary, t he  r e s u l t  of changes i n  ca rd iac  a c t i v i t y .  The secondary e f f e c t s  of 
t h e  sympathetic nervous system, r e f l e c t e d  i n  changes i n  the  r a t e  and f o r c e  of 
h e a r t  con t r ac t ions  and i n  t h e  i n t e n s i t y  of myocardial metabolism, n a t u r a l l y  have 
a marked inf luence on t h e  ca rd iac  blood supply too .  

I n  discussing nervous r egu la t ion  of t h e  coronary c i r c u l a t i o n ,  we d i d  not  
comment on the r e f l e x e s ,  which can p l a y  a major r o l e  i n  changing t h e  tone of 
t he  coronary v e s s e l s ,  because a later chapter d - e a l s  w i t h  t h i s  sub jec t  s p e c i f i ­
c a l l y .  

It i s  evident  from t h i s  b r i e f  survey of t he  physiology of t h e  coronary 
c i r c u l a t i o n  t h a t  t he  r e g u l a t o r y  mechanisms are not  only h igh ly  va r i ed  b u t  
c l o s e l y  r e l a t e d .  Presumably the c lose  r e l a t i o n s h i p  between these mechanisms 
conceals s i g n i f i c a n t  compensatory p o t e n t i a l s  which are revealed when the  coro­
nary c i r c u l a t i o n  becomes impaired. Compensatory mechanisms of t h i s  kind can 
obviously be a c t i v a t e d  by pharmacological agents .  
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The use of pharmacological agents may r e s u l t  i n  e f f e c t s  of t h e  opposi te  
kind. W e  are r e f e r r i n g  t o  t h e  overcoming of r e a c t i o n s  t h a t  o r i g i n a t e  i n  t h e  
h e a r t  i n  pa tho log ica l  states and are capable of impairing i t s  blood supply.  

It fol lows from t h e  foregoing t h a t  cu r ren t  i deas  on t h e  r e g u l a t i o n  of t h e  
coronary c i r c u l a t i o n  and c l i n i c a l  observat ions on t h e  symptoms of i t s  impairment 
a f f o r d  the  p o s s i b i l i t y  of u s ing  drugs t o  normalize t h e  ca rd iac  blood supply. 
They may b r i n g  about changes i n  t h e  blood supply by a c t i n g  on t h e  coronary ves­
sels  themselves, i . e . ,  by inf luencing e i t h e r  t h e  muscular elements or t h e  nerv­
ous r e g u l a t i o n  of t h e i r  t o n e .  There i s  no doubt t h a t  t h e  coronary c i r c u l a t i o n  
can b e  a f f e c t e d  by substances t h a t  a l t e r  t h e  hemodynamics, ca rd iac  a c t i v i t y ,  or 
myoc a r d i  a1 m e t  ab0lis m  . 

The ca rd iac  blood supply can be changed then by substances with va r ious  
mechanisms of a c t i o n .  The diagram i n  f i g u r e  1 i l l u s t r a t e s  t he  poss ib l e  mechan­
i s m s  of ac t ion  ot' pharmacological agents on t h e  volume r a t e  of t he  coronary 
blood flow, t h e  p r i n c i p a l  i n d i c a t o r  of t h e  s t a t e  of t h e  ca rd iac  blood supply.  

The diagram provides only t h e  most general  i d e a  of t h e  mechanisms of a c t i o n  
of the pharmacological agents  capable of inf luencing the  coronary c i r c u l a t i o n .  
Many substances n a t u r a l l y  have a complex mechanism of ac t ion  t h a t  simultaneously 
changes s e v e r a l  f a c t o r s  on which t h e  i n t e n s i t y  of t h e  ca rd iac  blood supply de­
pends. A l s o ,  owing t o  the  t e c h n i c a l  d i f f i c u l t i e s  involved i n  studying the  coro­
nary c i r c u l a t i o n ,  e f f o r t s  have been mainly d i r e c t e d  u n t i l  r e c e n t l y  t ,)ward e l u c i ­
da t ing  the  phenomena observed a f t e r  t h e  adminis t ra t ion of a given agent,  The 
ideas  on the mechanisms underlying t h e  ac t ion  of an agent are f r e q u e n t l y  inaccu­
r a t e .  I n  f a c t ,  such information i s  gene ra l ly  lacking a l t o g e t h e r .  Hence our 
diagram l a r g e l y  r e f l e c t s  t h e  broad, bu t  s t i l l  un rea l i zed ,  p o s s i b i l i t i e s  i nhe ren t  
i n  using pharmacological agents  t o  normalize t h e  ca rd iac  blood supply.  

Neurotropic agents 2 

3 Tone of the coronary v e s s e l s  

6 Agents t h a t  change t h e  
ca rd iac  r a t e  (neuro- hemodynamic condi t ions 
t r o p i c  or substances 1 and i n t e n s i t y  of c a r -
t h a t  a f f e c t  the myocar- d i ac  work 
dium) 

7 	 Agents t h a t  
myocardium 

Figure 1. Diagram i l l u s t r a t i n g  the poss ib l e  mechanisms of pharmacological 
ac t ions  on the ca rd iac  blood supply.  
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Before reviewing t h e  l i t e r a t u r e  , w e  should l i k e  t o  p o i n t  ou t  t h a t  t h e  
agents t o  which most a t t e n t i o n  has been d i r e c t e d  t o  d a t e  are those a f f e c t i n g  the 
ca rd iac  v e s s e l s .  The substances which i n f  h e n c e  o the r  mechanisms r e g u l a t i n g  the  
myocardial blood supply have been less  s tud ied .  

Most of the drugs t h a t  a f f e c t  the ca rd iac  v e s s e l s  can be divided i n t o  two 
l a r g e  groups, depending on t h e i r  pharmacological act ion:  (1)myotropic sub­
s t ances  t h a t  a c t  d i r e c t l y  on the muscular elements of the vascu la r  w a l l ;  (2)  
neurotropic  substances t h a t  a f f e c t  t h e  nervous r egu la t ion  of t h e  ca rd iac  v e s s e l s .  
The l a t t e r  are f u r t h e r  subdivided i n t o  those w i t h  c e n t r a l  and p e r i p h e r a l  ac t ion .  

The agents with myotropic a c t i o n  are widely used i n  t h e  t r e a t n e n t  of coro­
nary in su f f i c i ency .  Perhaps the  o l d e s t  and best  known of t h e s e  i s  papaverine.  
Over 50 years ago Macht (1915) found i n  experiments on t h e  i s o l a t e d  h e a r t  t h a t  
papaverine has a marked vasod i l a t ing  a c t i o n .  H i s  f i n d i n g s  were subsequently 
confirmed by many i n v e s t i g a t o r s  both i n  experiments on t h e  i s o l a t e d  hear t  and 
under t h e  condi t ions of a hear t - lung p repa ra t ion  (RGssler, 1930; Linder and 
Katz,  1941; Elek and Katz,  1942).  Experiments on i n t a c t  animals using va r ious  
experimental  techniques revealed t h a t  papaverine i s  capable of i nc reas ing  t h e  
volume r a t e  of the  coronary blood flow. It i s  a l s o  accompanied by a lowering of 
blood pressure and inc rease  i n  cardiac rate (Essex, Wegria, Herrick and Mann, 
1940; Linder and Katz, 1941; Eckenhoff and Hafkenschiel ,  1947; Hanna and S h u t t ,  
1.953) * 

A d e t a i l e d  s tudy of t h e  e f f e c t  of papaverine on t h e  ca rd iac  blood supply 
w a s  made by  I .  Y e .  K i s i n  (1958) , who i n v e s t i g a t e d  the  inf luence of t h i s  drug on 
t h e  volume rate of the coronary blood flow, ca rd iac  oxygen consumption and func­
t i o n .  According t o  h i s  d a t a ,  papaverine causes a marked and prolonged (60-90 
minutes) increase i n  t h e  blood flow i n  the  ca rd iac  v e s s e l s .  This e f f e c t  de­
velops under the  condi t ions of hypotension and decreased h e a r t  ac t ion ,  although 
it i s  accompanied by an inc rease  i n  oxygen consumption. Thus, papaverine does 
not  e n t a i l  a s i g n i f i c a n t  expenditure of energy ( i . e . ,  it does no t  add t o  t h e  
load on t h e  h e a r t )  , b u t  it acce le ra t e s  the rate of t he  coronary blood flow and 
increases  oxygen consumption. Schlepper and Witzleb (1961) confirmed t h e  capa­
c i t y  of papaverine t o  inc rease  myocardial oxygen consumption. 

To determine which of t hese  processes i s  t h e  primary one, I .  Ye. K i s i n  
(1960) performed s p e c i a l  experiments i n  which t h e  coronary v e s s e l s  of t h e  i s o ­
l a t e d  h e a r t  i n  s i t u  of a c a t  r e c i p i e n t  were perfused with t h e  blood of a c a t  
donor. Under t h e s e  condi t ions pspaverine g r e a t l y  increased ca rd iac  oxygen con­
sumption much more than  it d i d  the  volume rate of the coronary flow. This f a c t  
i s  t h e  b a s i s  f o r  assuming t h a t  increased oxygen consumption due t o  papaverine i s  
the  primary proces:;. To confirm t h i s  assumption, experiments were performed i n  
which the coronary vessels were perfused by means of a pump ope ra t ing  with a 
constant  volume of perfusion.  Under these  cond i t ions  papaverine could no t  ac­
c e l e r a t e  the volume r a t e  of t he  coronary .flow, b u t  it d i d  inc rease  t h e  oxygen 
consumption of t h e  myocardium. It fol lows from t h e s e  experiments tha t  t h e  p r i ­
mary e f f e c t  of papaverine i s  increased oxygen consumption by t h e  h e a r t .  It i s  
thus reasonable t o  b e l i e v e  t h a t  t he  mechanism of a c t i o n  of papaverine on t h e  
coronary c i r c u l a t i o n  i s  r e l a t e d  t o  toe changes i n  myocardial metabolism t h a t  t h e  
drug induces. The f a c t  t h a t  t h e  volume ra te  of t h e  coronary f low i s  increased 
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by papaverine along with a corresponding growth i n  oxygen consumption obs(3ures 
t h e  mechanism responsible  f o r  t h e  c l i n i c a l  e f f e c t i v e n e s s  of t h e  drug. 

It i s  i n t e r e s t i n g  t o  note t h a t  the discrepancy between the  d i s t i n c t  ex­
per imental  capac i ty  of papaverine t o  d i l a t e  t h e  coronary v e s s e l s  and i t s  com­
p a r a t i v e l y  weak a c t i v i t y  i n  t h e  t reatment  of angina p e c t o r i s  w a s  de t ec t ed  by 
many i n v e s t i g a t o r s  (Simon, Dolgin, Solway, Hirschmann and K a t z ,  1949; o t h e r s ) .  
Nevertheless ,  s e v e r a l  authors  found t h a t  papaverine can improve t h e  ca rd iac  
blood supply following experimental  impairment. For example, Mokotoff and Katz 
(1945) observed a shrinkage of experimental  i n f a r c t s  i n  dogs under the inf luence 
of papaverine. It  w a s  a l s o  found t h a t  papaverine markedly inc reases  t h e  ca rd iac  
blood supply when a c u t e l y  impaired by l i g a t i n g  one of t h e  coronaxy ar ter ies ,  as 
shown by the  acce le ra t ed  volume rate of t h e  coronary flow, lengthening of t h e  
t i m e  between t h e  o r i g i n  of t h e  impairment and development of arrhythmia,  and 
s u r v i v a l  rate of t h e  animals ( G .  A.  Markova, 1961). According t o  A.  A. 
Myazdrikova ( 1960) , papaverine l ikewise promotes the development of i n t e r a r t e  -
r i a l  anastamoses i n  experimental  myocardial i n f a r c t i o n .  

I:?conclusion, d e s p i t e  t h e  g r e a t  many experiments and many y e w s '  c l i n i c a l  
experience i n  using papaverine,  t he  d e l i c a t e  mechanism by which it improves t h e  
h e a r t ' s  blood supply i s  s t i l l  obscure.  

Compounds of t he  group of purine derivatives--theobromine, theophyl l ine,  
d i u r e t i n e ,  and euphyl l ine--are  a l s o  widely used f o r  angina p e c t o r i s .  The f i r s t  
t o  i n v e s t i g a t e  these  agents  w a s  N .  P .  Kravkov (1914), who found i n  experiments 
on t h e  isol.3,ted h e a r t  t h a t  theobromine d i l a t e s  t he  coronary vesse l s .  Linder and 
K a t z  (1941) coinpared t h e  e f f e c t  of euphyl l ine and papaverine on the  v e s s e l s  of 
t ne  i s o l a t e d  h e a r t .  They found t h a t  under these condi t ions the e f f e c t  of euphyl­
1-ine i s  much less  pronounced than t h a t  of papaverine both i n  i n t e n s i t y  and i n  
du ra t ion .  

Among the purine d e r i v a t i v e s ,  euphylline has been the  most s tud ied  i n  i n ­
t a c t  animals. According t o  t h e  observat ions of a number of i n v e s t i g a t o r s  who 
recorded t h e  volume ra te  of t he  coronary blood flow by mea-ns of thermoelectr ic ,  
diaphragm, and bubble flow meters i n  acute  experiments on dogs, r e l a t i v e l y  s m a l l  
doses of euphyl l ine cause a marked b u t  b r i e f  (no more than 20 minutes) acce le r ­
a t i o n  of t h e  blood flow i n  t h e  ca rd iac  ves se l s .  I t s  ac t ion  i s  even more pro­
nounced af ter  in t r aco rona ry  i n j e c t i o n .  But it does not s i g n i f i c a n t l y  a f f e c t  t he  
blood p res su re  ( G i l b e r t  and Fenn, 1929; Le  Roy and Speer,  1940; Boyer and Green, 
1941; Eckenhoff and Hafkenschiel ,  1947). 

Essex e t  a l .  (Essex, Wegria, Herr ick and Mann, 1940) inves t iga t ed  the 
e f f e c t  of euphyl l ine on t h e  volume r a t e  of t h e  coronary flow i n  chronic expe r i ­
ments, using t h e  the rmoe lec t r i c  method. They found t h a t  euphyl l ine a c c e l e r a t e s  
t h e  r a t e ,  b u t  t h e  e f f e c t  v a r i e s  from experiment t o  experiment both i r ?  i n t e n s i t y  
and i n  du ra t ion .  The above-mentioned i n v e s t i g a t i o n s  on t h e  purine d e r i v a t i v e s  
( c h i e f l y  euphyl l ine)  do not give a very p r e c i s e  i d e a  of t h e i r  mechanism of ac­
t i o n  on t h e  ca rd iac  blood supply. The most i n t e r e s t i n g  works i n  t h i s  r e s p e c t  
are those which i n v e s t i g a t e d  more broadly t h e  inf luence of euphyl l ine on t h e  
coronary c i r c u l a t i o n ,  i . e . ,  not only the  volume r a t e  of t h e  coronary flow b u t  
some o the r  i nd ices  of t h e  ca rd iac  blood supply were recorded. For example, 



Folz  e t  a l .  ( F o l t z ,  Rubin, S t e i g e r  and Gazes, 1933) using t h e  n i t r o u s  oxide 
method recorded f l u c t u a t i o n s  i n  the  volume rate of the  coronary blood flow 
simultaneously with changes i n  cardiac output and oxygen consumption. They 
found tha t  euphyl l ine somewhat i n t e n s i f i e s  t he  blood flow i n  t h e  card iac  v e s s e l s  
while increas ing  t h e  card iac  output and oxygen consumption. The authors  note ,  
however, t h a t  t h e  r e s u l t s  var ied  from experiment t o  experiment. 

These data throw doubt on the  b e n e f i c i a l  e f f e c t  of euphyl l ine on impaired 
coronary c i r c u l a t i o n  because t h e  r e s u l t a n t  increase  i n  volume rate of the coro­
nary blood flow develops under the condi t ions of i n t e n s i f i e d  cardiac a c t i v i t y  
and thus compensates t h e  energy expenditures of t he  myocardium. 

I .  Ye. Kisin (1958), who a l s o  inves t iga t ed  t h e  e f f e c t  of euphyl l ine on the  
card iac  blood supply, oxygen consumption, and a c t i v i t y ,  obtained somewhat d i f  ­
f e r e n t  r e s u l t s .  H e  too  found t h a t  t he  drug i n t e n s i f i e s  the blood flow i n  the 
card iac  ves se l s  a t  the  same time t h a t  it increases  myocardial oxygen consumption. 
The l a t t e r  does no t  s e e m  t o  be due t o  the  changes i n  card iac  a c t i v i t y  induced by 
euphyl l ine because these changes are i n s i g n i f i c a n t  and do not  coincide w i t h  the  
acce lera t ion  of t h e  coronary blood flow. 

These observa t ions ,  though i n t e r e s t i n g ,  l ikewise  f a i l  t o  c l a r i f y  t h e  
mechanism responsible  f o r  the c l i n i c a l  e f f ec t iveness  of euphyl l ine because myo­
c a r d i a l  oxygen consumption under the  inf luence of t h i s  drug, according t o  Kis in ,  
exceeds the  increase  i n  volume rate of the  coronary flow. Y e t  euphyl l ine has 
been found t o  be e f f e c t i v e  both i n  experimental  impairment of the coronary c i r ­
cu la t ion  and i n  the  c l i n i c  by many inves t iga to r s  (Fowler, Harevi tz  and Smith, 
1937; Gold, Trave l l ,  and Modell, 1937; Levy, Bruen and W i l l i a m s ,  1940; Lesl ie  
and Mulinos, 1942; Mokotoff and K a t z ,  1945; o t h e r s ) .  

Dibazol and k h e l l i n ,  myotropic agents,  are a l s o  used i n  the  treatment of 
coronary in su f f i c i ency .  According t o  experimental  d a t a ,  t h e  increase  i n  volume 
rate  of the  coronary blood flow under t h e  inf luence  of d ibazol  i s  s l i g h t  and 
t r a n s i e n t  ( D .  S .  Paskov, 1948; I .  Ye. Kis in ,  1958). This w a s  e s p e c i a l l y  pro­
nounced i n  experiments on i n t a c t  animals.  Since dibazol  possesses hypotensive 
ac t ion ,  the  s l i g h t  increase  i n  the  coronary flow t h a t  immediately sets  i n  af ter  
it i s  i n j ec t ed  f r equen t ly  gives  way t o  a decrease.  This phenomenon w i l l  not 
appear s t range i f  w e  r e c a l l  t h a t  after blood pressure i s  lowered, desp i t e  the  
d i l a t a t i o n  of t h e  coronary vesse l s  caused by dibazol ,  t he  volume of t he  blood 
flowing through them i n  a given u n i t  of time may diminish.  

Thus, t he re  seems t o  be l i t t l e  value i n  using dibazol  t o  t rea t  coronary 
in su f f i c i ency .  Although t h e  published r e p o r t s  on d ibazol  are f e w  i n  number, 
they ind ica t e  t h a t  i t s  therapeut ic  value i s  l i m i t e d .  But t h e  impression one 
g e t s  i n  studying t h e  l i t e ra ture  on k h e l l i n  i s  q u i t e  d i f f e r e n t .  

Despite t he  numerous s tud ie s  deal ing with the  e f f e c t  of k h e l l i n  on the  
coronary c i r c u l a t i o n ,  t he  opinions of the inves t iga to r s  on t h e  nature  of i t s  
vasodi la tor  ac t ion  and c l i n i c a l  e f f ec t iveness  are c o n f l i c t i n g .  Samaan (1931) 
was t h e  f i r s t  t o  study i n  de t a i l  the  pharmacological p rope r t i e s  of the  pure 
c r y s t a l l i n e  prepara t ion .  He found t h a t  i t  is capable of r e l ax ing  t h e  smooth 
muscles of t he  i n t e s t i n e ,  bronchi,  and coronary vesse l s .  

12 




I 


Later,  t h e  vasod i l a to r  p r o p e r t i e s  of t h e  drug, mainly with r e s p e c t  t o  t h e  
ca rd iac  v e s s e l s ,  were thoroughly inves t iga t ed  by a number of authors  (Anrep, 
Barsoum, Kenawy and Misrahy, 1946; Samaan, Hossein and Fahim, 1949;Anrep, 
Barsoum, Kenawy and Misrahy, 1947;K i l l a m  and Fellows, l95Oa, b; Leusen and 
Essex, 1953;D .  T .  Kolesnikov, Y a .  I .  Khadzhay, e t  al., 1953;Y a .  I .  Khadzhay,
1.957,M .  A. Angarskaya,Ya. I .  Khadzhay, e t  a l . ,  1959). Khel l in  w a s  found t o  
acce le ra t e  t h e  rate of t h e  coronary blood flow bo th  i n  experiments involving a 
hear t - lung p repa ra t ion  and i n  i n t a c t  animals. It i s  a l s o  capable of preventing 
spasms of t h e  coronary v e s s e l s  caused by the  i n j e c t i o n  of p i t u i t r l i i .  It i s  
v a r i a b l e  i n  e f f e c t - - t h e  inc rease  i n  volume r a t e  of t h e  coronary flow af ter  i n ­
travenous i n j e c t i o n  i s  sometimes very i n d i s t i n c t  or even absent (Farrand and 
Horvath, 1959). 

It i s  i n t e r e s t i n g  t o  note  t h a t  i n  i n t a c t  animals k h e l l i n  a c c e l e r a t e s  the 
volume r a t e  of t he  coronary flow without markedly lowering t h e  blood p res su re .  
This l e d  some i n v e s t i g a t o r s  t o  assume t h a t  t h e  capac i ty  af  t h e  drug t o  improve 
t h e  c i r c u l a t i o n  i n  t h e  h e a r t  i s  not  due s o l e l y  t o  i t s  myotropic ac t ion  on the 
coronary v e s s e l s  (Fellows, K i l l a m ,  Toner, Dailey and Macko, 19%; K i l l a m  and 
Fellows, 1950;Wegria, 1951). The r e s u l t s  of c l i n i c a l  t r i a l s  of k h e l l i n  i n  t h e  
t reatment  of coronary i n s u f f i c i e n c y  are c o n f l i c t i n g .  Some i n v e s t i g a t o r s  r e p o r t  
t h a t  i t  prevents both the  development of anginal  pa in  and the appearance of EKG 
changes i n  p a t i e n t s  when performing phys ica l  l abo r  (Anrep, Barsoum, Kenawy and 
Misrahy, 1947;Roseman, Foshman, Kaplan, Levin and K a t z ,  1990;Ambrust and 
Levine, 19%). Other i n v e s t i g a t o r s ,  however, doubt t h a t  t he  drug i s  a c t i v e ,  
contending t h a t  i t s  e f f e c t ,  when o b j e c t i v e l y  analyzed, i s  l i t t l e  more than t h a t  
of a placebo (Greiner ,  Gold, e t  a l . ,  1950;Hultgren, Robertson and Stevens,  
1952)-

It i s  i n t e r e s t i n g  t o  note t h a t  t he  chemical s t r u c t u r e  of k h e l l i n  w a s  t he  
b a s i s  f o r  synthesizing s e v e r a l  compounds superior  t o  it i n  potency of vasodi­
l a t o r  a c t i o n ,  s p e c i f i c a l l y ,  t he  benzofuran d e r i v a t i v e s  synthesized by Beaudet 
and Henaux i n  1959 ( c i t e d  by C h a r l i e r ,  1959). The most a c t i v e  of t hese  com­
pounds i s  ethyl-2(  diiodo-7.5,  4 hydroxybenzoyl) -3 benzofuran, which has been 
given the  name of amplivix. Char l i e r  (1961) made a d e t a i l e d  pharmacological 
study of t h i s  drug. He found it t o  be a myotropic agent i n  i t s  mechanism of 
coronary-di la tor  a c t i o n .  According t o  h i s  e a r l i e r  observat ions (19l;i9),it has 
an a f f i n i t y  f o r  t h e  coronary v e s s e l s  because much smaller  doses a r e  needed t o  
achieve a given increase i n  t h e  blood flow i n  t h e  ca rd iac  v e s s e l s  than i n  the  
ves se l s  of t he  e x t r e m i t i e s .  A comparison of amplivix with some w e l l  known drugs 
showed it  t o  be much more potent  t han  most of them. For example, i n  i n  v i t r o  
experiments (on an i s o l a t e d  f i b r i l l a t e d  h e a r t )  it proved t o  be 100 t i m e s  more 
a c t i v e  than k h e l l i n ,  while i n  i n t a c t  animals i t s  e f f e c t  on t h e  coronary flow w a s  
20 t imes g r e a t e r  than t h a t  of papaverine. I n  add i t ion ,  t h e  e f f e c t  las ts  f o r  
some time ( 2 - 3  hours ) .  Amplivix should f i n d  w i d e  use i n  t h e  treatment of angina 
p e c t o r i s .  

U n t i l  r e c e n t l y ,  t he  only substances known t o  have d i r e c t  a c t i o n  on t h e  
smooth musculature of t he  ca rd iac  v e s s e l s  were the  n i t r i t e s .  But observat ions 
of l a te  have shown t h a t  n i t r o g l y c e r i n  has  a weak c o n s t r i c t o r  e f f e c t  on the  cas­
d iac  v e s s e l s ,  and our own experience suggests t h a t  t h e  e a r l y  ideas  on the  mechan­
i s m  of ac t ion  of t h e  n i t r i t e s  on t h e  ca rd iac  blood supply should be reexamined. 



A s  w i l l  be seen below, t h e  d i r e c t  coronary-di la tor  a c t i o n  of n i t r o g l y c e r i n  
does not  seem t o  p l a y  a major r o l e  i n  t h e  mechanism of ac t ion  on the  coronary 
c i r c u l a t i o n .  W e  b e l i e v e  t h a t  t h e  n i t r i t e s  should be c l a s s i f i e d  with t h e  agents 
tha t  a f f e c t  t h e  c e n t r a l  r e g u l a t i o n  of coronary tone .  

The drugs wi th  d i r e c t  vasod i l a to r  a c t i o n  a l s o  include some substances of 
p l a n t  o r i g i n  capable of improving t h e  ca rd iac  blood supply.  Experimental s tud­
ies  have shown t h a t  p repa ra t ions  i s o l a t e d  from p l a n t s  belonging t o  t h e  p a r s l e y  
f ami ly  are p a r t i c u l a r l y  a c t i v e  i n  t h i s  respect--daucarine,  pas t e rn ine ,  anet ine 
and atamantine ( Y a .  I .  Khadzhay, 1957; M.  A.  Angarskaya and Y a .  I .  Khadzhay, 
1959; Y a .  I .  Khadzhay, P .  I .  Bezruk and V .  F .  Kuznetsova, 1960).  

Thus f a r  we have considered pharmacological agents  with a r e l ax ing  ac t ion  
on smooth muscle of the coronary w a l l s .  A substance with t h e  opposi te  type of 
ac t ion  i s  p i t u i t r i n ,  which i s  capable of reducing the  ca rd iac  blood supply by 
c o n s t r i c t i n g  t h e  coronary v e s s e l s .  A reduct ion of the  blood flow i n  t h e  ca rd iac  
ves se l s  under t h e  inf luence of p i t u i t r i n  has been observed i n  experiments on the  
i s o l a t e d  h e a r t  ( K a t z ,  Linder,  Weinstein, Abramson and Jochim, 1938),  hear t - lung 
preparat ion (Bodo, 1928; Narayana, 1933),  and i n  i n t a c t  animals (Wegria, Essex, 
Herrick and Mann, 1940; Green, 1940;Green, Wegria and Boyer, 1942).  

Since p i t u i t r i n  i s  a vasocons t r i c to r ,  it g e n e r a l l y  causes hypertension, 
although it  sometimes f a i l s  t o  reduce the  volume r a t e  of t h e  coronary blood flow. 
On the other  hand, due t o  mechanical a c t i o n  brought about by e l eva t ion  of p re s ­
su re  i n  t h e  ao r t a ,  t h e  blood flow i n  the ca rd iac  v e s s e l s  may a t  t i m e s  even i n ­
c rease .  This i s  obviously caused by the  absence of any adverse e f f e c t  of 
p i t u i t r i n  on t h e  course of t he  experimental myocardial i n f a r c t .  

Mintz and Kondo (1946) inves t iga t ed  the e f f e c t  of p i t u i t r i n  on experimental  
myocardial i n f a r c t i o n  i n  dogs. Their assumption t h a t  the process could be aggra­
vated i n  opposi t ion t o  t he  a c t i o n  of v a s o d i l a t o r s  s tud ied  at t h e  same time w a s  
not  borne out by t h e  r e s u l t s .  Measurement of the s i z e  of t h e  i n f a r c t ,  which 
served as a t e s t  i n  t h e  i n v e s t i g a t i o n ,  showed t h a t  p i t u i t r i n  d i d  not change it 
s i g n i f i c a n t l y .  The authors  conjecture  t h a t  c o n s t r i c t i o n  of t h e  coronary vesse l s  
caused by p i t u i t r i n  i s  neu t r a l i zed  by i t s  hypertensive e f f e c t .  Yet, judging by 
EKG changes, p i t u i t r i n  markedly impairs t he  coronary c i r c u l a t i o n .  These changes 
a r e  expressed e l ec t roca rd iog raph ica l ly ,  as a r u l e ,  i n  the appearance of a nega­
t i v e  coronary T wave and a lowering of t h e  S-T segment below the i s o e l e c t r i c  
l i n e .  I n  some ins t ances ,  however, t h e  S-T  segment i s  above the i s o e l e c t r i c  l i n e ,  
forming a high dome-shaped T wave. I n j e c t i o n  of l a r g e  doses of p i t u i t r i n  d i s ­
t u r b s  the ca rd iac  rhythm ( c h i e f l y  t h e  e x t r a s y s t o l e )  apparent ly  because of sharp 
impairment of t he  ca rd iac  blood supply. The capac i ty  of p i t u i t r i n  t o  impair the 
coronary c i r c u l a t i o n  under experimental  condi t ions w a s  used t o  c r e a t e  a model of 
coronary i n s u f f i c i e n c y  (Gruber and Kountz , 1930; Goldenberg and Rothberger , 1931; 
Ruskin, 1947;Kordik, 1951; Linder,  Loudon and Werner, 1953; S . I .  Teplov, 1956). 
It w a s  a l s o  found t h a t  by c o n s t r i c t i n g  t h e  coronary vesse l s  p i t u i t r i n  at  the  
same time slows the ca rd iac  rate and reduces the  ca rd iac  output  and oxygen con­
sumption (Resnik and Gei l ing,  1925; W a k i m ,  Denton and Essex, 1954).  

Neurotropic agents a f f e c t i n g  t h e  cardiac v e s s e l s  include those of c e n t r a l  
and per iphe ra l  ac t ion .  Among t h e  former are e t h y l  a lcohol ,  analgesics  and 
n i t r i t e s .  Since a s p e c i a l  s ec t ion  of our i n v e s t i g a t i o n s  d e a l t  with t h e  e f f e c t  

14  



of analgesics  and n i t r i t e s  on t h e  ca rd iac  blood supply, w e  s h a l l  confine our 
discussion here  only t o  t h e  inf luence of a lcohol  on t h e  coronary c i r c u l a t i o n .  

I n  1906 Dixon s t u d i e d  t h e  e f f e c t  of a lcohol  on t h e  vessels of t h e  i s o l a t e d  
c a t  h e a r t .  He found t h a t  r e l a t i v e l y  low concentrat ions (0.1-0.2 pe rcen t )  may 
d i l a t e  t h e  coronary v e s s e l s .  Inc reas ing  the concentrat ion t o  1-2 percent  en­
courages a two-phase e f f e c t ,  i . e . ,  i n i t i a l  d i l a t a t i o n  of t h e  coronary v e s s e l s  
gives  way t o  c o n s t r i c t i o n .  Su lze r  later discovered (1924) t h a t  i n  a hea r t - lung  
p repa ra t ion  0 .l-0.2 pe rcen t  a l coho l  always reduces drainage from t h e  coronary 
v e s s e l s .  But i n  experiments on i n t a c t  animals a lcohol  w a s  found t o  inc rease  t h e  
volume rate of t h e  coronary f low.  Lasker,  Scherrod and K i l l a m  (1955) i n v e s t i ­
gated t h e  e f f e c t  of a lcohol  on t h e  outflow of blood from t h e  coronary s inus  and 
inflow i n t o  the coronary v e s s e l s  ( recorded with a ro t ame te r ) .  Intravenous i n ­
j e c t i o n  of a 10 percent  so lu t ion  i n  doses up t o  500 mg/kg s i g n i f i c a n t l y  acce l ­
erated the  volume r a t e  of inflow and outflow from t h e  coronary v e s s e l s .  The 
experiments a l s o  showed e t h y l  a l coho l  t o  be j u s t  as a c t i v e  as aminophylline and 
papaverine (adminis tered i n  doses corresponding t o  the rapeu t i c  doses) when i n ­
fused  intravenously,  b u t  l e s s  a c t i v e  when i n j e c t e d  i n t r a a r t e r i a l l y .  

The more pronounced e f f e c t  of alcohol on t h e  ca rd iac  blood supply i n  the 
i n t a c t  organism, e s p e c i a l l y  when i n j e c t e d  intravenously ( b u t  not i n t r a a r t e r i a l l y )  
i s  due t o  i t s  c e n t r a l  a c t i o n .  This w a s  t he  conclusion of Russek e t  a l .  (Russek, 
Naegele and Regan, 1950), who found t h a t  a lcohol  taken per os  f o r  chronic coro­
nary i n s u f r i c i e n c y  prevents  anginal p a i n  upon phys ica l  e x e r t i o n .  It i s  i n t e r e s t ­
ing  t o  note t h a t  it i s  even s t ronger  i n  t h i s  r e spec t  than n i t r o g l y c e r i n .  How­
eve r ,  t h e  l a t t e r  prevents  EKG changes from t ak ing  p l ace  a t  t h i s  t ime. This 
e f f e c t  i s  not c h a r a c t e r i s t i c  of a lcohol .  On t h e  b a s i s  of t h e i r  observat ions,  
t h e  authors concluded t h a t  t h e  e f f e c t i v e n e s s  of e t h y l  a lcohol  i n  angina p e c t o r i s  
i s  due mainly t o  i t s  c e n t r a l  a c t i o n ,  which r e s u l t s  i n  an e l e v a t i o n  of t h e  p a i n  
th re sho ld .  

The observations descr ibed above do not f u l l y  e l u c i d a t e  the  mechanism re­
sponsible  f o r  t h e  favorable  e f f e c t  of a lcohol  on t h e  coronary c i r c u l a t i o n .  We 
can only assume t h a t  i t s  e f f e c t i v e n e s s  i n  angina p e c t o r i s  i s  a manifestat ion of 
i t s  c e n t r a l  a c t i o n ,  as expressed i n  i n h i b i t i o n  of vasomotor impulses t o  the  c a r ­
d i a c  v e s s e l s  and i n  reduced i n t e n s i t y  of pain.  

The pharmacological agents t h a t  inf luence the  p e r i p h e r a l  ( e f f e r e n t )  i nne r ­
va t ion  of t he  ca rd iac  v e s s e l s  are q u i t e  numerous. They include adrenergic ,  
cho l ine rg ic ,  and ganglion-blocking substances.  Changes i n  the coronary c i r c u l a ­
t i o n  may be induced by drugs t h a t  s t imu la t e  o r ,  con t r a r iw i se ,  i n h i b i t  t h e  t r a n s ­
mission of nervous e x c i t a t i o n  t o  t h e  ca rd iac  v e s s e l s .  But t h i s  seemingly simple 
s i t u a t i o n  i s ,  i n  f a c t ,  complicated by two circumstances: a g r e a t  v a r i e t y  of 
f a c t o r s  t h a t  r e g u l a t e  the ca rd iac  blood supply and the  complexity of t h e  mechan­
i s m s  t h a t  d i f f e r e n t i a t e  t h e  a c t i o n  of t h e  many pharmacological agents .  This 
f u l l y  app l i e s ,  f o r  example , t o  t h e  phenothiazine d e r i v a t i v e s  which, judging by  
the  experimental observat ions,  inf luence the  p e r i p h e r a l  innervat ion of t h e  ca r ­
d i a c  ves se l s  without ,  however, r u l i n g  out  t he  p a r t i c i p a t i o n  of o the r  mechanisms. 
Since a s tudy of t h e  pharmacological agents t h a t  a f f e c t  the p e r i p h e r a l  innerva­
t i o n  of t h e  coronary v e s s e l s  w a s  t h e  ob jec t  of our own i n v e s t i g a t i o n s ,  a review 
of t he  l i t e r a t u r e  and discussion of t h e  matters concerning t h e  mechanisms of 



a c t i o n  of most of t hese  compounds w i l l  be presented i n  t h e  appropriate  s e c t i o n s  
(Chapters 1, 2, 3 and 5 i n  P a r t  I). 

Here w e  wish merely t o  comment on t h e  complex esters of diphenyl a c e t i c  
a c i d  which have been used i n  t h e  t reatment  of coronary i n s u f f i c i e n c y ,  namely, 
spasmolytin, t i phen ,  aprophen and diprophen. These compounds are known t o  
possess ganglion-blocking and spasmolytic p r o p e r t i e s  (S .  S . Liberman, l9w; 
M .  D. Mashkovskiy and S .  S .  Liberman, 1950, 1957). They a r e  capable of i nc reas ­
i n g  the  rate of the coronary blood flow while a c c e l e r a t i n g  the  ca rd iac  rate and 
s l i g h t l y  lowering the l e v e l  of systemic arterial  p res su re .  Aprophen proved t o  
be the most a c t i v e  of these substances ( Z .  T .  Samoylova, 1958). 

Among t h e  drugs tha t  inf luence the nervous r egu la t ion  of the coronary ves­
sels may be included novocain, which has been f a i r l y  widely used during t h e  p a s t  
10 years  i n  t h e  t reatment  of angina p e c t o r i s  ( I .  I. Sivkov, 1952; K .  F .  Vlasov, 
1952; L .  K .  Korchinskaya-Dunayevskaya, 1953; A .  S .  Klimova, 1954; Z .  M .  
Volynskiy, 1955, 1956; V .  A.  Val'dman, 1956; F .  Y e .  Ostapyuk, 1957; o t h e r s ) .  

Although there have been no p r e c i s e  experimental  observations j u s t i f y i n g  
the  inc lus ion  of novocain i n  t h i s  group, the f avorab le  e f f e c t  on angina p e c t o r i s  
of a r e t r o s t e r n a l  blockade as w e l l  as some observat ions on EKG improvement and 
i n h i b i t i o n  of vascu la r  r e f l e x e s  i n  impaired coronary c i r c u l a t i o n  ( M .  Yu. 
Ladinskaya, 1959) r e s u l t i n g  from adminis t ra t ion of t h e  drug i n d i c a t e  t h a t  it i n ­
f luences the nervous r egu la t ion  of the ca rd iac  v e s s e l s .  

There have been j u s t  a few s u p e r f i c i a l  experiments deal ing w i t h  the  e f f e c t  
of novocain on the coronary c i r c u l a t i o n .  It w a s  found t o  d i l a t e  t h e  coronary 
vesse l s  i n  i s o l a t e d  c a t  and r a b b i t  h e a r t s  ( V .  A .  Babichev, 1953). But i n  experi­
ments on i n t a c t  animals t h i s  e f f e c t  was no t  so pronounced. According t o  Wegria 
e t  a l .  (Wegria, W a r d ,  Frank, Dreyfuss, Brown am3 Hutchinson, 1951), intravenous 
i n j e c t i o n  of 1-10 mg/kg of novocain f i r s t  reduces the volume r a t e  of t h e  coro­
nary flow and then inc reases  it. The r educ t ion  of the blood flow i s  p a r a l l e l e d  
by a lowering of blood pressure.  However, the blood pressure then r e t u r n s  t o  
the  o r i g i n a l  l e v e l ,  b u t  t he  volume r a t e  of t he  coronary f low remains high for 
s e v e r a l  minutes. The la t ter  observatlon l e d  the authors t o  conjecture  t h a t  
novocain i s  capable of reducing the Yesistance of t he  coronary v e s s e l s .  

Acceleration of t h e  volume .-ate of the coronary flow under t h e  inf luence of 
novocain i n  experiments on the h e a r t  i n  s i t u  wi th  s t a b i l i z a t i o n  of blood p res ­
sure  w a s  a l s o  observed by Nuki (195'7). But Eckenhoff, Eafkemchle l ,  F o l t z  and 
Driver ( l948) ,  who s tud ied  the  e f f e c t  of subd-ural iiyjection of novocain, came t o  
the  opposite conclusion. They found t h a t  novocain cai.1se-i k i so t ens  ion accompa­
nied by a decrease i n  the  coronary flow, myocardial ox;y:;?n cunsumption, and c a r ­
diac ac t ion  and e f f i c i e n c y .  Judging by our own observs5i .x1s,  novocain has a 
va r i ab le  e f f e c t  on the  volume r a t e  of the  coronary flow, deperiding on the i n i ­
t i a l  condi t ions of t h e  cardiac blood supply.  Wi th  a low o r i g i c a l  volume ra te  of 
t h e  coronary f low,  novocain gene ra l ly  a c c e l e r a t e s  i t . .  an t h e  other hand, with a 
r ap id  cardiac blood supply, novocain may inc rease  t.lie b;ood flow i n  t h e  ca rd iac  
ves se l s  ( N .  V .  Kaverina and I .  Y e .  K i s in ,  1958). 
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Novocain i s  q u i t e  e f f e c t i v e  i n  experimental  myocardial i n f a r c t i o n .  Accord­
ing  t o  N .  F .  Ryzhkova (1956), t h e  use of novocain i n  myocardial i n f a r c t i o n  t h a t  
fol lows l i g a t i o n  of one of t he  coronary a r t e r i e s  o r  adminis t ra t ion of massive 
doses of epinephrine g r e a t l y  improves the  animal 's  cond i t ion  and a l s o  completely 
normalizes t h e  EKG. It i s  evident  from t h e s e  observat ions t h a t  t h e  e f f e c t  of 
novocain v a r i e s  with t h e  experimental  condi t ions apparent ly  because it has a 
broad spectrum of pharmacological ac t ion .  The d i s s i m i l a r i t y  of experimental  ob­
se rva t ions  i s  c l e a r l y  r e spons ib l e  f o r  t h e  manifestat ion of d i f f e r e n t  a spec t s  of 
i t s  a c t i o n  on t h e  organism. Presumably, f a i r l y  accurate  i d e a s  concerning the 
e f f e c t  on t h e  coronary c i r c u l a t i o n  of such a complex drug as novocain can come 
e i t h e r  from experiments providing f o r  simultaneous recording of t he  s e v e r a l  
processes on which t h e  state of t h e  ca rd iac  blood supply depends o r  from t h e  use 
of s p e c i a l  a n a l y t i c a l  methods of i n v e s t i g a t i o n .  

A s  mentioned above, many pharmacological agents change the  ca rd iac  blood 
supply by inf luencing t h e  d i f f e r e n t  f a c t o r s  t h a t  p a r t i c i p a t e  i n  i t s  r e g u l a t i o n .  
The i n t e n s i t y  of t he  blood flow i n  t h e  coronary v e s s e l s  may be changed c h i e f l y  
by using substances t h a t  inf luence t h e  rate and rhythm of ca rd iac  con t r ac t ions .  
For example, quinidine i n  l a r g e  doses may cause a pronounced bradycardia  and re­
duce the outflow from t h e  coronary v e s s e l s  (Bodo, 1928),  whereas t h i s  e f f e c t  i s  
absent when administered i n  s m a l l  doses (Kountz, 1932). Atropine ( s e e  p. 58) and 
p i loca rp ine  have the opposi te  e f f e c t  (Kountz, 1932).  According t o  r e c e n t  ex­
perimental  d a t a  ( S c o t t  and Balourdas,  1960),  t hese  substances r e l i e v e  t h e  i n ­
h i b i t i n g  e f f e c t  of t h e  vagus nerves on t h e  h e a r t  and inc rease  t h e  ca rd iac  r a t e ,  
r e s u l t i n g  i n  i n t e n s i f i e d  myocardial metabolism and coronary blood flow ( p .  6 ) .  

Since the  l e v e l  of metabolism i n  the h e a r t  i s  one of t h e  major condi t ions 
t h a t  determine i t s  blood supply,  it i s  n a t u r a l  t o  assume tha t  changes i n  the  
myocardial metabolic processes  can ip so  f a c t o  inf luence t h e  coronary c i r c u l a t i o n .  
However, such a mechanism of a c t i o n  of pharmacological agents  on blood c i r c u l a ­
t i o n  i n  t h e  h e a r t  i s  s t i l l  w i t h i n  t h e  realm of conjecture  f o r  most of them a t  
t h i s  stage i n  our knowledge. The reason i s  t h a t  information about t h e  r e l a t i o n ­
sh ip  between t h e  e f f e c t  of pharmacological agents on t h e  coronary c i r c u l a t i o n  
and t h e  changes tha t  they  induce i n  d i f f e r e n t  elements of ca rd iac  metabolism r e ­
q u i r e  s p e c i a l  experimental  condi t ions if such information i s  t o  be obtained 
wi th in  t h e  same experiment. Study of these  matters n a t u r a l l y  encounters a mul t i ­
tude of t e c h n i c a l  d i f f i c u l t i e s  (need f o r  simultaneous recording of many i n d i c e s ,  
performing experiments under chronic condi t ions,  e t c . ) .  The l i t e r a t u r e  on t h e  
problem c o n s i s t s  of s c a t t e r e d  observat ions or conclusions of i n d i r e c t  na tu re  
based on a v a r i e t y  of comparisons. With t h e s e  cons ide ra t ions  i n  mind, we may 
include c e r t a i n  hormones and vitamins among t h e  substances t h a t  inf luence the  
coronary c i r c u l a t i o n  by  a l t e r i n g  myocardial metabolism. 

The thy ro id  hormone i s  t h e  most important of t h e  va r ious  hormones t h a t  take 
p a r t  i n  r egu la t ing  ca rd iac  metabolism. According t o  t h e  observat ions of s e v e r a l  
i n v e s t i g a t o r s  (Raab, 1953; B r e w s t e r  e t  a l . ,  1954, 1956), t h e  e f f e c t  of t h i s  hor­
mone on cardiac metabolism i s  due t o  i t s  a b i l i t y  t o  i n t e n s i f y  the a c t i o n  of t h e  
catechol  amines (epinephrine and norepinephrine) . Under t h e  inf luence of thy­
rox in  and i n  hyperthyroidism, f u n c t i o n a l  impairment of t h e  h e a r t  occurs i n  t h e  
form of tachycardia ,  more i n t e n s e  v e n t r i c u l a r  con t r ac t ions ,  and inc rease  i n  t h e  
s t roke  volume. The same changes a l s o  occur a f t e r  the admin i s t r a t ion  of epineph­
r i n e .  



Changes i n  ca rd iac  metabolism fol lowing t h e  admin i s t r a t ion  of thyroxin are 
r e f l e c t e d  i n  increased oxygen consumption by  t h e  myocardium and decreased energy 
e f f e c t i v e n e s s  of the ox ida t ion  processes (McDonald e t  al., 1935; G e m m i l ,  1952; 
Wollenberger, 1949; Rabbeno, 1949) . Since there i s  a marked p a r a l l e l i s m  between 
t h e  e f f e c t  of thyroxin and t h a t  of t h e  ca t echo l  amines on myocardial metabolism, 
it i s  reasonable t o  b e l i e v e  t h a t  thyroxin a f f e c t s  t h e  metabolic processes  by 
means of epinephrine and norepinephrine (Raab, 1953). 

The p o s s i b i l i t y  of such a mechanism e x i s t i n g  i s  confirmed by i n v e s t i g a t i o n s  
on the e f f e c t  of thyroxin on t h e  ca rd iac  blood supply.  Essex e t  a l .  (Essex, 
Herr ick,  Baldes and Mann, 1935) s tud ied  t h e  rate of t he  coronary blood flow i n  
chronic experiments on nonanesthetized dogs using t h e  thermoelectr ic  method. 
They found t h a t  intravenous i n j e c t i o n  of thyroxin (1mg/kg) acce le ra t ed  the  
blood flow i n  the  ca rd iac  v e s s e l s .  The e f f e c t  se t  i n  g radua l ly  and reached a 
peak 48 t o  96 hours af ter  i n j e c t i o n .  I n t e r e s t i n g  d a t a  w e r e  a l s o  obtained by 
Bing e t  a l .  (Bing, Hammond, Handelsman, Powers, Spencer, e t  a l . ,  1949), who r e ­
corded s e v e r a l  i n d i c e s  of the human ca rd iac  blood supply.  They found t h a t  the  
volume rate  of t he  coronary flow, ca rd iac  ou tpu t ,  ac t ion  of the l e f t  v e n t r i c l e ,  
and oxygen consumption by the  myocardium are much g r e a t e r  i n  hyperthyroid 
p a t i e n t s  than i n  h e a l t h y  persons.  

The data p e r t a i n i n g  t o  t h e  e f f e c t  of i n s u l i n  on t h e  ca rd iac  blood supply 
and conclusions on i t s  mechanism of ac t ion  are vague. For example, Soskin 
e t  a l .  (Soskin,  Katz and F r i s c h ,  1934) observed EKG changes i n d i c a t i v e  of a de­
t e r i o r a t i o n  of t h e  blood supply af ter  the adminis t ra t ion of i n s u l i n .  I n  t h e i r  
opinion, i n s u l i n  has a double e f f e c t  on the h e a r t - - i n d i r e c t l y  (through changes 
i n  blood sugar concentrat ion)  and d i r e c t l y .  The conclusion as t o  t h e  i n d i r e c t  
inf luence i s  based on t h e  f a c t  t ha t  t he  EKG changes induced by i n s u l i n  and hypo­
glycemia are s i m i l a r .  The conclusion as t o  t h e  d i r e c t  inf luence i s  Sased on 
the f a c t  t h a t  t hese  changes are not reversed when t h e  hypoglycemia i s  co r rec t ed .  
Yet, as the observat ions of Elek and K a t z  (1942) showed, i n s u l i n  d i l a t e s  the  
v e s s e l s  of the i s o l a t e d  f i b r i l l a t e d  h e a r t .  

These authors concluded from t h e i r  observat ions t h a t  t h e  adverse e f f e c t  of 
i n s u l i n  on t h e  EKG r e s u l t s  no t  from i t s  d i r e c t  ac t ion  on t h e  cardiac v e s s e l s  
b u t  from changes i n  the  myocardium proper.  However, Elek and K a t z '  observa­
t i o n s  suggesting t h a t  i n s u l i n  d i l a t e s  t he  coronary v e s s e l s  were not confirmed 
by experiments i n  a hear t - lung preparat ion (Bodo, 1927).  On t h e  contrary,  the 
adminis t ra t ion of l a r g e  doses (10 u n i t s )  of i n s u l i n  u s u a l l y  decreases t h e  vol­
ume r a t e  of outflow of blood from t h e  coronary v e s s e l s .  Thus, on the basis of 
the l i t e r a t u r e ,  it i s  d i f f i c u l t  t o  reach any conclusion as t o  t h e  na tu re  of t h e  
inf luence of i n s u l i n  on the coronary c i r c u l a t i o n .  

Although t h e  t reatment  of angina p e c t o r i s  with male sex hormones i s  wide­
spread, t h e i r  e f f e c t  on the  ca rd iac  blood supply has been l i t t l e  s tud ied  ex­
perimental ly .  The a b i l i t y  of t e s t i c u l a r  e x t r a c t s  t o  d i l a t e  the blood v e s s e l s  
of t h e  i s o l a t e d  h e a r t  has been known f o r  a long time ( N .  A .  Prozhanskiy, 1907; 
V. Y a .  Danilevskiy, Y e .  K .  Prikhod'kova and Z .  Ye. Shavinskaya, 1924; A. A. 
Likhachev and M .  P.  Nikolayev, 1920).  However, the r ecen t  experiments of I .  K .  
K i s i n  (1958)on the  i n t a c t  organism have shown tha t  t h e  e f f e c t  of the androgens 
i s  i r r e g u l a r .  Testerone propionate and methyl t e s t o s t e r o n e  w e r e  found t o  acce l ­
e r a t e  the volume rate of t h e  coronary blood flow i n  only 50 percent of the cases .  
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Thus, information concerning t h e  e f f e c t  of t h e  androgenic hormones on t h e  c a r ­
d i ac  blood supply i s  ambiguous. Obviously t h e s e  substances should not be i n ­
v e s t i g a t e d  s o l e l y  i n  acute  experiments because t h e i r  ac t ion ,  according t o  I .  Y e  
K i s i n ,  i s  slow and long- l a s t ing  (1-1/2t o  2 hour s ) .  Observations on t h e i r  ac­
t i o n  i n  acute experiments are f u r t h e r  complicated by the  f a c t  t h a t  t h e  sub­
stances  are in so lub le  i n  water and are the re fo re  unsu i t ab le  for intravenous 
adminis t ra t ion . 

The e f f e c t  of vitamins on t h e  metabolism and blood supply of t h e  h e a r t  
has been very l i t t l e  s tud ied .  A thiamin def ic iency i s  known t o  a l t e r  t he  m e t a ­
b o l i c  processes  i n  t h e  myocardium. According t o  t h e  d a t a  of s eve ra l  authors ,  
under t h e s e  condi t ions the ox ida t ion  of pyruvic ac id  i n  t h e  h e a r t  i s  d i s tu rbed  
and less glucose and l a c t i c  a c i d  are e x t r a c t e d  from t h e  blood (Randles,  Himwich, 
Homburger, Himwich and Albany, 1947; Hackel, Goodale and Kleinerman, 1953). 
Evidence of t hese  changes i s  seen i n  ca rd iac  dysfunction, r e f l e c t e d  i n  t h e  ap­
pearance of arrhythmia, increase i n  s t roke  volume of t he  h e a r t ,  and edema. 
There a r e  no r e fe rences  i n  t h e  l i t e r a t u r e  t o  t h e  kind of changes induced i n  
myocardial metabolism by  f u r t h e r  admin i s t r a t ion  of thiamin. 

According t o  B .  A. Ovchinnikov (1959), thiamin con t r ibu te s  t o  systemic 
improvement of p a t i e n t s  with angina p e c t o r i s .  Intravenous i n j e c t i o n  of t he  
vitamin reduces pain and normalizes the  EKG changes i n d i c a t i v e  of impaired 
ca rd iac  c i r c u l a t i o n .  However, s tudy  of t h e  e f f e c t  of thiamin on t h e  coronary 
c i r c u l a t i o n  showed t h a t  it w a s  s l i g h t  i n  experiments both on t h e  i s o l a t e d  
h e a r t  ( I .  Y a .  Matusevich, 1949) and i n  i n t a c t  animals ( I .  Ye. K i s in ,  1958). 
The volume rate of t h e  coronary f low following t h e  adminis t ra t ion of 5 mg/kg 
of thiamin rose  by a maximum of 20-40 percent  over t h e  o r i g i n a l  l e v e l .  

The only vitamin t o  have aroused i n t e r e s t  as an agent f o r  t r e a t i n g  angina 
p e c t o r i s  is  n i c o t i n i c  acid ( V .  S .  Nesterov, 1948; A .  V .  Vinogradov, 1950; K .  L .  
Bumazhnaya and L .  D .  Grinshpun, 1950).  I t  w a s  used apparent ly  for i t s  vasodi­
l a t o r  p r o p e r t i e s .  Experiments deal ing with the  e f f e c t  of t h e  vitamin on t h e  
coronary c i r c u l a t i o n  were performed mainly on t h e  i s o l a t e d  h e a r t ,  and r e l a ­
t i v e l y  s m a l l  amounts were found t o  d i l a t e  the  coronary v e s s e l s  ( K .  L .  Bumazhnaya 
and I;. D .  Grinshpun, 1950).  According t o  I. Ye. Ganelina (1947), i t s  e f f e c t  on 
t h e  coronary v e s s e l s  depends on the  concentrat ion.  I n  a l o w  concentrat ion 
(1:100,100)it d i l a t e s  the v e s s e l s  of the i s o l a t e d  a r r e s t e d  h e a r t .  A higher  
concentrat ion c o n s t r i c t s  them. I .  Ye. Kisin (1958) i n v e s t i g a t e d  i t s  a c t i o n  i n  
the  i n t a c t  organism. H e  found t h a t  it has a two-phase e f f e c t  on t h e  volume 
r a t e  of t he  outflow of blood from t h e  coronary s inus .  It i n t e n s i f i e s  t he  blood 
flow i n  the  coronary v e s s e l s  by 10-20 percent  immediately a f t e r  i n j e c t i o n .  The 
blood flow r e t u r n s  t o  the  o r i g i n a l  l e v e l  i n  1-2 min, b u t  5 min l a t e r  it u s u a l l y  
starts t o  decrease,  achieving 20-30 percent  of t he  o r i g i n a l  value i n  10-20 min. 
The most pronounced e f f e c t  fol lows the  adminis t ra t ion of 3-10mg/kg. 

There i s  no information i n  t h e  l i t e r a t u r e  on the  mechanism of ac t ion  of 
n i c o t i n i c  acid.  It i s  d i f f i c u l t  t o  determine from t h e  d a t a  presented above 
whether i t s  e f f e c t s  are simply a manifestat ion of d i r e c t  myotropic a c t i o n  or 
t h e  r e s u l t  of o the r  cond i t ions .  
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Since me tabo l i t i c  f a c t o r s  p l a y  a major r o l e  i n  r e g u l a t i n g  t h e  ca rd iac  
blood supply by maintaining t h e  coronary f low a t  the l e v e l  r equ i r ed  t o  provide 
f o r  t he  energy consumption of t h e  h e a r t ,  it i s  h i g h l y  important t o  s tudy the  
e f f e c t  of t h e  d i f f e r e n t  products of t i s s u e  metabolism on t h e  coronary c i r c u l a ­
t i o n .  Therefore,  t he  i n t e r e s t  of many i n v e s t i g a t o r s  has n a t u r a l l y  been d r m n  
t o  the s u b j e c t  of t he  e f f e c t  on the ca rd iae  blood supply of energy-rich phos­
phorus compounds, products of carbohydrate metabolism, and e l e c t r o l y t e s .  The 
e f f e c t  of nuc le i c  ac id  d e r i v a t i v e s  on t h e  blood flow i n  t h e  coronary v e s s e l s  
w a s  s tud ied  both i n  experiments on an i s o l a t e d  h e a r t  and i n  a hear t - lung prepa­
r a t i o n .  

I n  1929 Drury and Szent-Gyb'rgyi i n v e s t i g a t e d  the  e f f e c t  of adenosine and 
adenosinemonophosphate on drainage from t h e  coronary v e s s e l s  i n  experiments i n ­
volving a hear t - lung p repa ra t ion .  They found t h a t  t h e s e  compounds s i g n i f i ­
c a n t l y  increased the  volume rate  of the coronary f low.  S imi l a r  data were 
obtained i n  experiments on the  i s o l a t e d  h e a r t  ( Z i p f ,  1930; Wedd, 1931) .  I n  
i n t a c t  animals, adenosine and adenosinemonophosphate acce le ra t ed  the volume 
rate of the coronary flow without markedly a f f e c t i n g  the l e v e l  of systemic 
a r te r ia l  pressure (Wedd and Drury, 1934; Greene, 1936). These f i n d i n g s  w e r e  
confirmed by Essex e t  a l .  (1940),  who observed an inc rease  i n  the  coronary flow 
i n  chronic experiments w i t h  adenosine. It i s  i n t e r e s t i n g  t o  note t h a t  an i n ­
crease i n  coronary f low,  s i m i l a r  i n  i n t e n s i t y  and dynamics of development t o  
the e f f e c t  of nuc le i c  a c i d  d e r i v a t i v e s ,  w a s  observed by Eckstein e t  al. 
(Eckstein,  Chambliss, Demming and Wells, 1950) a f t e r  i n j e c t i n g  substances ob­
t a ined  by mechanical des t ruc t ion  of e ry th rocy te s .  

Winbury e t  al. (Winbury, Papiersky, Hambourger and Hemmer, 1953) compared 
i n  more d e t a i l  t he  a c t i v i t y  of s e v e r a l  compounds of t h e  adenine-ATP s e r i e s ,  
adenosinemonophosphate (AMP) adenosinediphosphate (ADP) , adenosinetriphosphate 
(ATP), adenine, and adenosine on the  ca rd iac  blood supply. I n  acute  experiments 
on dogs, the authors  i n j e c t e d  the  above substances i n  doses of 1-8mg, using a 
rotameter t o  record t h e  e n t r y  of blood i n t o  t h e  l e f t  coronary a r t e r y .  ATP w a s  
found t o  be t h e  most a c t i v e  on t h e  coronary v e s s e l s .  I f  i t s  a c t i v i t y  i s  taken 
as 100 pe rcen t ,  t h a t  of ADP i s  95, AMP--28, adenosine--25 pe rcen t .  Adenine 
had no e f f e c t  whatever on t h e  blood flow i n  t h e  ca rd iac  v e s s e l s .  Comparing t h e  
chemical s t r u c t u r e  of t hese  compounds w i t h  t h e i r  v a s o d i l a t o r  a c t i o n ,  t h e  
authors concluded t h a t  t o  manifest  t h i s  e f f e c t  r e q u i r e s  the  presence of a s t r u c ­
t u r e  r ep resen t ing  adenine-9-riboside.  The g r e a t e r  a c t i v i t y  of ATP and ADP, t hey  
assume, i s  due t o  the  energy of t h e  macroergic bonds. However, no d e f i n i t e  con­
clusions can be drawn from t h e i r  experiments. 

Wolt and Berne (1956) inves t iga t ed  the e f f e c t  of s e v e r a l  chemicals (nu­
c l e i c  ac id  d e r i v a t i v e s ,  purine and pyrimidine) on t h e  coronary blood flow and 
oxygen consumption of t h e  myocardium. ADP and ATP were t h e  most a c t i v e ,  ,W 
and adenosine less so ,  while adenine w a s  completely i n a c t i v e .  Compounds capable 
of acce le ra t ing  t h e  volume rate of the  coronary flow a l s o  r e s u l t e d  i n  increased 
myocardial oxygen consumption. Since t h e  inc rease  i n  blood flow w a s  more pro­
nounced than t h e  oxygen consumption of t h e  myocardium, the  au tho r s '  conjecture  
tha t  the  inf luence of t h e s e  compounds on t h e  blood flow i n  the  ca rd iac  v e s s e l s  
r e s u l t s  not from an i n t e n s i f i c a t i o n  of the metabolic processes i n  t h e  h e a r t ,  b u t  
from t h e  d i r e c t  vasod i l a to r  e f f e c t .  This view does not appear t o  take f u l l  cog­
nizance of t h e  nature  of t he  e f f e c t  of t h e s e  compounds on the  myocardial blood 
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supply.  There are some d a t a  suggesting t h a t  the b r i e f  vasodi la tor  e f f e c t  caused 
by t h e  ac t ion  of t hese  compounds on smooth muscle may be maintained by t h e  sub­
sequent and longer increase  i n  blood flow caused by changes i n  t h e  myocardial 
metabolic processes  (Dubois-Ferr iere ,  1951) . 

Some products of intermediate  carbohydrate metabolism have a l s o  been i n ­
ves t iga t ed .  According t o  Forsman and Linds te in  (1946), succ in ic  ac id  i s  capable 
of c o n s t r i c t i n g  the  v e s s e l s  of t h e  i s o l a t e d  h e a r t  and increas ing  the  amplitude 
of i t s  cont rac t ions .  C i t r i c  and malonic ac ids  l ikewise  have vasocons t r ic tor  
ac t ion ,  bu t  it develops wi th  decreased amplitude of t h e  card iac  con t r ac t ions .  
Tripod e t  al. (1955) i n  experiments on the  h e a r t  i s o l a t e d  by Langindorf ' s  method 
inves t iga t ed  the  e f f e c t  on coronary blood flow and card iac  a c t i v i t y  of a s e r i e s  
of metabol i tes-- the ac id  products of the intermediate  metabolism of carbohy­
d r a t e s .  They found t h a t  when used i n  l a rge  concentrat ions,  l a c t i c ,  succ in i c ,  
fumaric,  hydroxyacetic,  c i t r i c ,  hydroxymalonic, and b u t y r i c  ac ids  c o n s t r i c t  t he  
coronary vesse l s  and i n h i b i t  card iac  a c t i v i t y .  

Only propionic ac id  has  vasod i l a to r  ac t ion .  Since the  oxygen consumption 
of t he  h e a r t  i s  determined l a r g e l y  by the  conversion of carbohydrates,  s tudy of 
the  e f f e c t  of d i f f e r e n t  products  of carbohydrate metabolism on t h e  card iac  blood 
supply i s  of considerable  i n t e r e s t .  However, it i s  evident  from the  inves t iga ­
t i o n s  mentioned above t h a t  t he  cur ren t  information on the  subjec t  i s  q u i t e  
l imi t ed  and s u p e r f i c i a l .  

Among t he  substances of t i s s u e  na ture ,  his tamine,  se ro tonin ,  and angiotonin 
have been s tudied  f o r  t h e i r  poss ib le  e f f e c t  on the  card iac  v e s s e l s .  I n  exper i ­
ments on an i s o l a t e d  f i b r i l l a t e d  h e a r t ,  Katz e t  al. ( K a t z ,  Linder,  Weinstein,  
Abramson and Jochim, 1938) found tha t  histamine can d i l a t e  the  coronary v e s s e l s .  
According t o  Kountz e t  a l .  (Kountz, Pearson and Koenig, 1934),  t he  r e a c t i o n  of 
the  revived human h e a r t  t o  histamine i s  va r i ab le .  These authors  observed i n  a 
bea t ing  h e a r t  coronary d i l a t a t i o n ,  whereas i n  an a r r e s t e d  h e a r t  t h i s  e f f e c t  ap­
peared only when the  h e a r t  w a s  a r r e s t e d  by perfusion with a so lu t ion  with a low 
pH. I n  a hear t - lung  prepara t ion  and i n  experiments on i n t a c t  animals, histamine 
gene ra l ly  acce lera ted  the blood flow i n  the  card iac  ves se l s  (Narayana, 1933; 
Wegria, Essex, Herr ick and Mann, 1940). The e f f e c t  of histamine i s  b r i e f  (no 
more than 3-4min). S imi la r  d a t a  w e r e  obtained by Essex and coauthors i n  
chronic experiments on dogs (Essex, Wegria, Herr ick and Mann, 1940).  Histamine 
has a l s o  been found t o  prevent coronary spasms caused by p i t u i t r i n  (Rb'ssler, 
1930).  

The e f f e c t  of histamine on t h e  blood vesse l s  v a r i e s  wi th  t h e  spec ies  of 
experimental  animal used. According t o  Gunn (1929),  histamine i n t e n s i f i e s  the 
outflow of blood from t h e  coronary vesse l s  of the c a t  h e a r t ,  bu t  decreases  it 
af te r  per fus ion  of t h e  r a b b i t  h e a r t  ves se l s .  The coronary vesse l s  of the ox 
h e a r t  i s  a l s o  cons t r i c t ed  by histamine (Cruickshank and Subba Rau, 1927).  The 
mechanism of a c t i o n  on the  coronary c i r c u l a t i o n  has not  been s p e c i f i c a l l y  i n ­
ves t iga t ed ,  bu t ,  judging by some observat ions,  i t s  d i r e c t  ac t ion  on smooth mus­
c l e  of the  coronary w a l l s  seems t o  be the dominant f a c t o r .  One cannot r u l e  out ,  
however, the poss ib le  r o l e  of increased cardiac output  and r a t e  under the  i n f l u ­
ence of histamine (Weiss, Robb and E l l i s ,  1932; Hanna e t  al., 1959). 

21 




Although d i f f e r e n t  a spec t s  of t h e  pharmacological a c t i o n  of s e ro ton in  have 
been widely s t u d i e d  i n  r e c e n t  years, t h e  information a v a i l a b l e  concerning i t s  
e f f e c t  on t h e  coronary c i r c u l a t i o n  i s  very l i m i t e d .  I n  1952Reid noted an i n ­
creased outflow of blood from t h e  coronary v e s s e l s  and a more r a p i d  ca rd iac  rate 
i n  the i s o l a t e d  h e a r t  following t h e  i n t r o d u c t i o n  of 4-20 mg/kg of s e ro ton in  i n t o  
t h e  perfusion stream. Schofield and Walker later (1953) i n v e s t i g a t e d  i t s  e f f e c t  
on blood flow i n  t h e  h e a r t  ves se l s  when perfused wi th  a pump designed t o  main­
t a i n  a constant  p re s su re .  They found t h a t  s e ro ton in  markedly d i l a t e d  the  coro­
nary v e s s e l s .  

Maxwell e t  a l .  (Maxwell, C a s t i l l o ,  C l i f o r d ,  Crumpton and Rowe, 1959) 
made a more d e t a i l e d  s tudy  of serotonin.  I n  experiments on dogs they  recorded 
t h e  coronary blood f low and cardiac output (by  F i c k ' s  method) and c a l c u l a t e d  the  
oxygen consumption of t h e  myocardium. The drug w a s  i n j e c t e d  intravenously a t  a 
constant  rate of 20 mg/kg a minute. The r e s u l t  w a s  a marked inc rease  i n  volume 
r a t e  of t he  coronary flow (79 percent above the  o r i g i n a l  l e v e l ) .  Meanwhile t h e  
oxygen content of t h e  blood i n  the  coronary s i n u s  r o s e  3.3 percent  by volume. 
A t  t h e  same t i m e ,  myocardial oxygen consumption grew. These e f f e c t s  were accom­
panied by a lowering of blood pressure and tachycardia .  Since t h e r e  w e r e  no 
s i g n i f i c a n t  changes i n  ca rd iac  output ,  h e a r t  work under t h e  inf luence of s e ro ­
t o n i n  w a s  not a f f e c t e d .  The authors concluded t h a t  s e ro ton in  has a b e n e f i c i a l  
e f f e c t  on the coronary c i r c u l a t i o n ,  f o r ,  while it inc reases  t h e  oxygen supply of 
the myocardium, i t  does not increase ca rd iac  a c t i v i t y .  

A t  the  p re sen t  t i m e  it i s  d i f f i c u l t  t o  express  a d e f i n i t e  opinion about t h e  
mechanism of ac t ion  of s e ro ton in  on the  ca rd iac  blood supply.  But judging from 
t h e  l i t e r a t u r e ,  i t  i s  reasonable t o  assume t h a t  i t s  e f f e c t  i s  r e l a t e d  not only 
t o  d i r e c t  ac t ion  on t h e  cardiac v e s s e l s .  For example, t he  r e s u l t a n t  tachycardia ,  
increased myocardial oxygen consumption, and perhaps o t h e r  s t i l l  un inves t iga t ed  
aspects  of s e r o t o n i n ' s  a c t i o n  on t h e  myocardium may p lay  a d e f i n i t e  r o l e  i n  i t s  
mechanism of inf luence on the coronary c i r c u l a t i o n .  

Angioton-in (hype r t ens in ,  angiotensin) i s  known t o  be able t o  c o n t r a c t  the 
smooth muscles of var ious organs and blood v e s s e l s .  B io log ica l  t e s t s  of the ac­
t i v i t y  of angiotonin on d i f f e r e n t  ob jec t s  showed the  e f f e c t  t o  vary i n  i n t e n s i t y .  
According t o  Gross and Turr ian,  who compared the e f f e c t  of angiotonin on blood 
flow i n  the  v e s s e l s  of d i f f e r e n t  organs,. the  r e a c t i o n  of t he  coronary v e s s e l s  t o  
i n j e c t i o n  of t he  p repa ra t ion  d i f f e r s  from t h a t  of other  blood v e s s e l s .  I n  t h e  
r e n a l  and mesenteric ar ter ies ,  angiotonin slows the volume r a t e  of the blood 
flow. But i n  t h e  ca rd iac  v e s s e l s  it increases  t h e  flow. This e f f e c t  i s  less 
pronounced than t h a t  of epinephrine i f  both p repa ra t ions  a r e  used i n  doses t h a t  
induce hypertension of t h e  same degree.  An inc rease  i n  t h e  coronary f low under 
t h e  inf luence of angiotonin occurred only i n  experiments on i n t a c t  animals. I n ­
v e s t i g a t o r s  who observed the e f f e c t  of angiotonin on i s o l a t e d  h e a r t  p repa ra t ions  
noted t h a t  it gene ra l ly  caused t h e  coronary v e s s e l s  t o  c o n s t r i c t  (Hill and 
Andrus, 1941; Elek and K a t z ,  1942).  Only r a r e l y  i s  t h e  e f f e c t  absent o r  i s  d i l ­
a t a t i o n  of t h e  cardiac v e s s e l s  i n s i g n i f i c a n t  af ter  adminis t ra t ion of angiotonin.  
Lorber (1942) found t h a t  a decrease i n  outflow of blood from t h e  ves se l s  of the 
i s o l a t e d  c a t  or dog h e a r t  under t h e  inf luence of angiotonin i s  accompanied by a 
decrease i n  t h e  d i a s t o l e ,  increase i n  myocardial oxygen consumption, and i n ­
creased cardiac work and e f f i c i e n c y .  The author concluded t h a t  c o n s t r i c t i o n  of 
the coronary vesse l s  a f te r  the  adminis t ra t ion of angiotonin i s  due, i n  p a r t ,  t o  
increased ex t r avascu la r  r e s i s t a n c e .  
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It i s  fa i r  t o  conclude from the foregoing that the i n c r e a s e  i n  blood flow 
i n  t h e  coronary v e s s e l s  observed i n  experiments on i n t a c t  animals i s  due not  t o  
t h e  d i r e c t  e f f e c t  of angiotonin on smooth muscle of t h e  vascu la r  w a l l s  b u t  t o  
hemodynamic changes brought about by e l eva ted  p res su re  i n  the a o r t a .  

The r o l e  of e l e c t r o l y t e s  i n  myocardial con t r ac t ions  has ,by now been f u l l y  
explored,  There have been many experimental  and c l i n i c a l  observations i n d i c a t ­
ing  that c e r t a i n  a l t e r a t i o n s  i n  t h e  e l e c t r o l y t e  balance m a y  r e s u l t  i n  charac­
t e r i s t i c  changes i n  ca rd iac  a c t i v i t y  capable of being recorded e l e c t r o c a r d i o ­
g raph ica l ly .  Therefore,  one cannot doubt t h e  need of studying t h e  changes t h a t  
may t ake  place i n  t h e  ca rd iac  blood supply when t h e  e l e c t r o l y t e  r a t i o  i s  i m ­
pa i r ed .  

There i s ,  however, on ly  fragmentary information on t h e  s u b j e c t  i n  t h e  
l i t e r a t u r e .  Katz and Linder (1938) i n v e s t i g a t e d  t h e  e f f e c t  on t h e  coronary 
v e s s e l s  of changes i n  t h e  concentrat ion of sodium, potassium, and calcium ions 
i n  d e f i b r i n a t e d  blood which they used f o r  perfusion of t h e  i s o l a t e d  f i b r i l l a t e d  
dog h e a r t .  They found t h a t  i nc reas ing  the  concentrat ion 1.2-2.75 t imes (by 
adding N a C 1 )  above normal causes the  coronary v e s s e l s  t o  d i l a t e .  I f  t he  c a l ­
cium concentrat ion i s  increased 1.3-2.5 t i m e s  ( by  adding C a C l ) ,  d i l a t a t i o n  i s  
even more pronounced and it l a s t s  from 3-13 min. The e f f e c t  of potassium ions 
v a r i e s  with t h e  concen t r a t ion .  When t h e  l a t t e r  i s  1.04-1.5 t imes above normal 
i n  the  s o l u t i o n  pe r fus ing  t h e  h e a r t ,  t he  coronary vesse l s  d i l a t e .  If increased 
even more (1.35-1.66t imes above normal) t he  d i l a t a t i o n  gives  way t o  c o n s t r i c ­
t i o n .  S imi l a r  r e s u l t s  w e r e  obtained by Dr i sco l  and Berne (1937) i n  experiments 
on i n t a c t  animals with perfusion of the coronary v e s s e l s .  The blood flow i n ­
creased only as long as t h e  K ion concentrat ion d i d  not  exceed 12 .1  meq/l i ter  . 
Higher concentrat ions r e s u l t e d  i n  vasocons t r i c t ion .  

Magnesium s u l f a t e  i s  a l s o  known t o  be capable of markedly a c c e l e r a t i n g  t h e  
coronary blood flow (Elek and K a t z ,  1942).  This w a s  the b a s i s  f o r  using it 
( p a r e n t e r a l  i n j e c t i o n )  i n  t h e  treatment of coronary d i so rde r s  ( A .  N .  Pe r lya ,
1936;Agranat, 1958; o t h e r s ) .  

In summary, t h e  information now a v a i l a b l e  concerning t h e  e f f e c t  on t h e  
coronary c i r c u l a t i o n  of var ious chemicals t h a t  t ake  p a r t  i n  t h e  metabolic 
processes of the h e a r t  i s  fragmentary and inaccura t e .  Moreover, t hey  were i n ­
v e s t i g a t e d  with methods t h a t  m a d e  it impossible t o  e l u c i d a t e  t h e i r  mechanisms 
of a c t i o n .  

Thus f a r ,  w e  have descr ibed i n v e s t i g a t i o n s  i n  which t h e  authors  s t a r t e d  
mainly from t h e o r e t i c a l  considerat ions regarding t h e  poss ib l e  nature  of t he  ac­
t i o n  of d i f f e r e n t  substances on t h e  cardiac blood supply.  But t h e r e  i s  a sub­
s t a n t i a l  amount of published material der ived from c l i n i c a l  experience.  For 
example, t h e  wide use of ca rd iac  glycosides--indispensable substances f o r  t r e a t ­
ing  cardiac in su f f i c i ency- - r equ i r ed  p r e c i s e  information on t h e  kind of changes 
t h a t  t hese  agents may b r i n g  about i n  the  cardiac blood supply. This s u b j e c t  
w a s  i nves t iga t ed  i n  a s e r i e s  of s p e c i a l  s t u d i e s  undertaken because t h e r e  were 
i n d i c a t i o n s  i n  t h e  l i t e r a t u r e  t h a t  t he  use of ca rd iac  glycosides  may exacerbate  
t h e  symptoms of coronary i n s u f f i c i e n c y  and cause anginal. pa in  (Fenn and G i l b e r t ,  
1932; o t h e r s ) .  A v a r i e t y  of techniques were employed. I n  acute experiments on 



dogs i n  which t h e  outflow of blood from the coronary s i n u s  w a s  recorded, t h e  i n ­
j e c t i o n  of d i g i t a l i s  and s t rophan th in  g e n e r a l l y  r e s u l t e d  i n  a s l i g h t  decrease i n  
t h e  volume rate of t h e  blood f low or i n  a two-phase effect--decrease i n  blood 
flow followed by a s l i g h t  i nc rease  (Gi lber t  and Fenn, 1932; Stewart  e t  a l ,  1938; 
Linder and Katz,  -1941; Scherrod, 1952).  I n  experiments i n  a hear t - lung prepara­
t i o n ,  t h e  i n i t i a h - d e c r e a s e  i n  coronary flow under t h e  in f luence  of d i g i t a l i s  or 
st rophanthin d i d  not always occur.  

According t o  Ginsberg e t  al. (Ginsberg, Stoland and S i l e r ,  1938), the  
e f f e c t  of d i g i t a l i s  on t h e  outflow of blood from t h e  coronary v e s s e l s  i n  expe r i ­
ments involving a hea r t - lung  p repa ra t ion  w a s  i n  most ca ses  two-phase. Bodo 
(192.7) observed under the sane experimental  condi t ions only a s l i g h t  i nc rease  
i n  the  volume rate  of t h e  outflow from the ca rd iac  v e s s e l s .  H e  a sc r ibed  t h i s  
e f f e c t  t o  decreased resist&nce of t h e  coronary v e s s e l s  because s u i t a b l e  doses 
of 'the drugs under s tudy  f a i l e d  t o  induce changes i n  the ca rd iac  output  or 
blood p res su re .  Other i n v e s t i g a t o r s  who used t h e  thermoelectr ic  method i n  
chronic experiments aere, i n  general ,  unable t o  d e t e c t  amy changes i n  the vo l ­
ume r a t e ' o f  the coronary flow following t h e  admin i s t r a t ion  of t he rapeu t i c  doses 
of t h e  drugs (Essex, Herrick,  Baldes and Mann, 1938; Essex, Herr ick and 
Visscher,  1938). Dearing e t  a l .  (Dearing, Barnes and Essex, 1944) i n v e s t i g a t e d  
the e f f e c t  of d i g i f o l i n ,  d iga l en ,  d i g i t o x i n ,  and l a n a t o s i d e  on t h e  volume r a t e  
of the coronary flow i n  chronic experiments using t h e r a p e u t i c  and n e a r l y  t o x i c  
doses.  They found tha t  t h e  coronary flow slowed only af ter  t h e  admin i s t r a t ion  
of l a r g e  doses (60 percent  of t h e  l e t h a l ) .  Since the  decrease i n  flow w a s  no t  
c o r r e l a t e d  with changes i n  t h e  ca rd iac  rhythm and blood pressure,  t he  authors  
considered it the r e s u l t  of d i r e c t  vasocons t r i c to r  a c t i o n .  

The absence of r e g u l a r  changes i n  t h e  coronary flow after t h e  adminis t ra­
t i o n  of t he rapeu t i c  doses of var ious glycosides  w a s  a l s o  noted by i n v e s t i g a t o r s  
who used t h e  n i t r o u s  oxide method. For example, Page e t  a l .  (Page, Wendel, 
Sheldon and F o l t z  , 1950) found t h a t  0.026 mg/kg of ouabain only i n t e n s i f i e d  the  
ca rd iac  output b u t  had no e f f e c t  whatever on the volume rate of t he  coronary 
flow, oxygen consumption of t h e  h e a r t ,  ca rd i ac  r a t e ,  o r  arterial p res su re .  A 
s l i g h t l y  l a r g e r  dose of ouabain (0.037 mg/kg) r a i s e d  the  blood pres su re ,  de­
creased the cardiac rate,  and i n t e n s i f i e d  t o t a l  p e r i p h e r a l  r e s i s t a n c e .  However, 
here  too t h e r e  were no changes i n  t h e  coronary flow. S imi l a r  data were ob­
t a i n e d  i n  i n v e s t i g a t i o n s  of o the r  ca rd iac  glycosides--digi toxin,  s t rophanthin,  
e t c  . (Takayanagi , 1957) . 

Severa l  i n v e s t i g a t i o n s  focused on t h e  e f f e c t  of ca rd iac  glycosides  on the 
coronary c i r c u l a t i o n  i n  hea l thy  and s i c k  human be ings .  Bing e t  a l .  (1950) re ­
corded the  coronary blood flow (NO2 method), ca rd iac  output  and oxygen content  
of venous coronary blood. They found tha t  i n  hea l thy  persons s t rophanthin re ­
duced t h e  cardiac output ,  a c t i o n s ,  and e f f i c i e n c y  while the coronary blood flow, 
a r t e r i a l  pressuye, and ca rd iac  oxygen consumption remained unchanged. Even i n  
ca rd iac  in su f f i c i ency ,  s t rophanthin did no t  a f f e c t  t h e  coronary flow, although 
it increaszd the a c t i o n  and e f f i c i e n c y  of t h e  h e a r t .  I n t e r e s t i n g  d a t a  were ob­
t a i n e d  by Y e .  A .  Veselov (1960), who s tud ied  the e f f e c t  of s t rophanthin on t h e  
volume rate  of the coronary flow and ca rd iac  oxygen consumption. She observed 
t h a t  t he rapeu t i c  doses of the  drug had no s i g n i f i c a n t  e f f e c t  on t h e  volume rate  
of t h e  coronary flow or ca rd iac  oxygen consumption i n  h e a l t h y  experimental  a n i ­
m a l s .  
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I n  experimental  myocardi t is ,  t h e  coronary f low and casd iac  oxygen consump­
t i o n  increased somewhat when s t rophanthin w a s  administered i n  r e l a t i v e l y  s m a l l  
doses (10 pg/kg). If t h e  dose w a s  raised t o  20 pg/kg, t h e  r e a c t i o n  of t h e  coro­
nary flow changed, i . e . ,  it w a s  considerably reduced. A slowing of t h e  rate of 
coronary flow i s  p a r a l l e l e d  by a decrease i n  ca rd iac  oxygen consumption, resu l t  ­
i n g  i n  bradycardia ,  w h i c h  does no t  happen i n  normal animals r ece iv ing  a similar 
dose of st rophanthin.  These e f f e c t s  do not appear if t h e  vagus nerves aze f i r s t  
divided.  The i n v e s t i g a t i o n s  of V. V. Zakusov, Y e .  A. Spalva and 0.  V .  Ul'yanova
(1957) showed t h a t  i n  experimental  myocardit is  s t rophanthln f a c i l i t a t e s  t h e  
t ransmission of e x c i t a t i o n  from t h e  vagus nerves t o  t h e  h e a r t .  These observa­
t i o n s  support the assumption t h a t  a decrease i n  coronasy flow and cardiac con­
sumption under t h e  in f luence  of s t rophanthin i n  experimental  myocardit is  may be 
caused by  t h e  f a c i l i t a t i o n  of t ransmission of e x c i t a t i o n  from t h e  vagus nerves 
t o  t h e  myocardium. The resu l tan t  bradycardia ,  change i n  ca rd iac  func t ion ,  and 
metabolic rate can n a t u r a l l y  a f f e c t  t h e  volume rate of t he  coronary blood flow. 

The information a v a i l a b l e  i n  t h e  l i t e r a t u r e  i n d i c a t e s  t h a t  t h e  ca rd iac  
glycosides  change t h e  blood supply conditions i n  t h e  pa tho log ica l  h e a r t ,  al­
though they do not e x e r t  any marked inf luence on c i r c u l a t i o n  i n  t h e  h e a l t h y  
h e a r t .  P r a c t i c a l  imp l i ca t ions  could presumably be drawn from a more d e t a i l e d  
study of t h e  e f f e c t  of ca rd iac  glycosides on t h e  coronary c i r c u l a t i o n  under 
d i f f e r e n t  pa tho log ica l  condi t ions of t he  myocardium. 

W e  are abs t a in ing  here  from a d e t a i l e d  review of the l i t e r a t u r e  dea l ing  
with t h e  e f f e c t  of ca rd iac  glycosides  on myocardial metabolism, r e f e r r i n g  those  
i n t e r e s t e d  t o  t h e  comprehensive a r t i c l e  of Y e .  R o t l i n  and M .  Teshler (1.959)on 
the  s u b j e c t .  Such d a t a ,  extremely important f o r  understanding the the rapeu t i c  
a c t i o n  of t h e  ca rd iac  glycosides  on t h e  c o n t r a c t i l i t y  of t h e  f a i l i n g  h e a r t ,  
cannot at p re sen t  be r e a d i l y  compared with t h e  d a t a  r e l a t i n g  t o  t h e i r  e f f e c t  on 
t h e  myocardial blood supply.  N o  one has s p e c i f i c a l l y  inves t iga t ed  them f o r  t h i s  
purpose. Only a few s t u d i e s  include d a t a  obtained from a simultaneous record­
ing of t h e  blood flow i n  t h e  ca rd iac  ves se l s  and oxygen content  of t he  venous 
coronary blood (Page e t  a l .  1950, Y e .  A .  Veselova, 1960). However, one cannot 
d r a w  from t h e s e  s t u d i e s  any d e f i n i t e  conclusions concerning changes i n  t h e  c a r ­
d i ac  blood supply i n  r e l a t i o n  t o  changes i n  myocardial oxygen consumption i n ­
duced by these  agents .  

Another group of pharmacological agents t he  s tudy of which w a s  s t imu la t ed  
by c l i n i c a l  experience includes such s t imu lan t s  of cardiovascular  a c t i v i t y  as 
camphor, ca rd iazo l ,  and nikethamide. Very l i t t l e  i s  known about t h e  e f f e c t  of 
camphor on the  coronary c i r c u l a t i o n .  I n  experiments on t h e  i s o l a t e d  h e a r t  and 
i n  a hear t - lung p r e p a r a t i o n ,  camphor s l i g h t l y  acce le ra t ed  the  blood flow i n  t h e  
ca rd iac  v e s s e l s  (Bodo, 1928; Kountz, 1932). According t o  A .  S .  Sarat ikov,  
T .  F .  Marina and L .  A.  Usov (1960),camphor reduces t h e  i n t e n s i t y  of t h e  EKG 
changes i n  c a t s  caused by  intravenous i n j e c t i o n  of p i t u i t r i n .  N o  one has  
s p e c i f i c a l l y  s tud ied  t h e  quest ion of whether t h e  inc rease  i n  ca rd iac  blood sup­
p l y  caused by camphor i s  a manifestat ion of i t s  d i r e c t  ac t ion  on t h e  coronary 
v e s s e l s  o r  t h e  r e s u l t  of ex t r avascu la r  f a c t o r s .  But s ince  camphor i s  known t o  
i n t e n s i a y  the  inf luence of t h e  symphathetic nerves on t h e  h e a r t ,  it i s  f a i r  t o  
assume t h a t  t h e  inc rease  it b r ings  about i n  t h e  myocardial blood supply i s  
caused no t  only by d i l a t a t i o n  of t h e  coronary v e s s e l s  b u t  by the  a c t i o n  of ex­
t r a v a s c u l a r  f a c t o r s .  
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The effect of ca rd iazo l  and nikethamide on the  coronary c i r c u l a t i o n  w a s  
t h e  o b j e c t  of  a great many i n v e s t i g a t i o n s  i n  which a v a r i e t y  of techniques w a s  
used. The r e su l t s  w e r e  l a r g e l y  t h e  same. Nikethamide g e n e r a l l y  a c c e l e r a t e d  t h e  
volume rate of t h e  coronary blood flow. The e f f e c t  of ca rd iazo l  w a s  s l i g h t .  

The potency of nikethamide v a r i e d  with t h e  dose used and method of adminis­
t r a t i o n .  I n  experiments on i s o l a t e d  f i b r i l l a t e d  dog h e a r t ,  an i n t e n s i f i e d  ou t ­
flow of blood from t h e  coronary v e s s e l s  followed t h e  admin i s t r a t ion  of c a r d i a z o l  
(Linder and K a t z ,  1941; Camp, 1928) and nikethamide (Elek and Katz, 1942).  Ac­
cording t o  Leyko (1930), an inc rease  i n  t h e  outflow from t h e  coronary v e s s e l s  
occurred i n  experiments with a hear t - lung p repa ra t ion  after nikethamide w a s  used 
i n  a 1:'X1,000concentrat ion.  A t  t h e  same t i m e  t h e  v e n t r i c l e s  enlarged.  Cardia­
z o l  proved i n e f f e c t i v e  i n  t h i s  au tho r ' s  experiments.  

I n  i n t a c t  animals, nikethamide l ikewise i n t e n s i f i e d  t h e  volume rate of the 
coronary flow. I ts  a c t i o n  w a s  much less pronounced. According t o  Greene (1936), 
i n t e n s i f i e d  coronary blood flow under t h e  in f luence  of n i k e t h m i n e  occurs regard­
less of any changes i n  t h e  l e v e l  of systemic a r t e r i a l  pressure t h a t  may t ake  
place at t h i s  t i m e .  For example, t he  i n j e c t i o n  of l a r g e  doses of nikethamide 
(of  t h e  o rde r  of 60 mg/kg) d i s t i n c t l y  acce le ra t ed  the blood flow i n  t h e  ca rd iac  
ves se l s ,  d e s p i t e  the marked lowering of blood p res su re .  Similar  r e s u l t s  were 
obtained by Wegria e t  a l . ,  who s tud ied  t h e  e f f e c t  of t h i s  drug on the  coronary 
c i r c u l a t i o n  i n  chronic experiments on dogs us ing  t h e  thermoelectr ic  method 
(Wegria, Essex, Ee r r i ck  and Mann, 1940; Essex, Wegria, Herrick and M a n ,  1940). 
Stoland and Ginsburg (1937) compared t h e  e f f e c t i v e n e s s  of ca rd iazo l  and n ike th ­
amide. They found i n  a hear t - lung p repa ra t ion  and i n  experiments on t h e  dog 
h e a r t  i n  s i t u  t h a t  nikethamide i n t e n s i f i e d  t h e  volume rate of the coronary blood 
flow much more than d i d  ca rd iazo l .  For example, i n  low doses (1ml of 25 pe r ­
cent  s o l u t i o n )  nikethamide had a marked vasocons t r i c to r  e f f e c t ,  whereas l a r g e ,  
almost t o x i c  doses of ca rd iazo l  w e r e  r equ i r ed  t o  ob ta in  a s i m i l a r  e f f e c t .  More­
over,  t h e  ac t ion  of ca rd iazo l  w a s  brief ( o n l y  2-4 min) . 

Eckenhoff and Hafkenschiel (1947) made a more d e t a i l e d  s tudy of nikethamide. 
They found t h a t  i n  a 5 m g  dose i n j e c t e d  d i r e c t l y  i n t o  a coronary a r t e r y  it i n ­
t e n s i f i e d  t h e  volume rate of t he  coronary f low (recorded with a bubble flow 
meter), cardiac rate, and oxygen consumption. The e f f e c t  w a s  even more pro-

It w a s  f o l ­nounced when a l a r g e  dose (70 mg/kg) w a s  i n j e c t e d  intravenously.  

lowed by a sharp inc rease  i n  t h e  coronary flow, ca rd iac  rate,  output,  and oxygen 

consumption, b u t  blood pressure dropped. A s  f o r  ca rd iac  work, it w a s  found t o  
increase somewhat, b u t  t h e  Rechanical e f f i c i e n c y  of t h e  l e f t  h e a r t  decreased. 
F o l t z  and Elwood (1948) obtained s i m i l a r  r e s u l t s  i n  t h e i r  experiments. 

I n  comparing t h e  r e s u l t s  of experiments by d i f f e r e n t  i n v e s t i g a t o r s  on 
i s o l a t e d  h e a r t  p repa ra t ions  and i n  i n t a c t  animals, one g e t s  t h e  impression t h a t  
t he  inc rease  i n  ca rd iac  blood supply under t h e  inf luence of nikethamide i s  due 
not only t o  i t s  vasocons t r i c to r  a c t i o n  b u t  t o  secondary me tabo l i t i c  i n f luences  
caused by an i nc rease  i n  the  a c t i v i t y  of the h e a r t  and rate of con t r ac t ions .  

I n  view of t h e  wide use of sodium s a l i c y l a t e  i n  t h e  t reatment  of s e v e r a l  
cardiovascular d i seases ,  it i s  worth mentioning t h e  i n t e r e s t i n g  observat ions of 
I .  Y e .  K i s in  (1960)~who discovered t h a t  100 mg/kg doses of t he  drug infused 
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in t ravenous ly  caused a t r a n s i e n t  but  pronounced increase  i n  t h e  volume rate of 
t h e  coronary flow and casdiac oxygen consumption. 

Among the  new pharmacological agents mer i t ing  the  cons idera t ion  of i n t e r ­
n i s t s  f o r  t r e a t i n g  angina p e c t o r i s  are the  monoaminoxidase i n h i b i t o r s ,  s p e c i f i ­
c a l l y  iproniaz id  ( m a r s i l i d ) .  It i s  i n t e r e s t i n g  t o  note  t h a t  t h e  c l i n i c a l  use 
of t h i s  drug f o r  angina p e c t o r i s  preceded i t s  experimental  s tudy.  I n  1958 
Ceserman (1958). used it t o  t reat  psychopaths and found t h a t  it a l l e v i a t e d  t h e  
symptoms of coronary in su f f i c i ency .  These observations l e d  t o  i t s  use i n  t h e  
t reatment  of angina p e c t o r i s .  

Experimental s tudy  of i p ron iaz id  showed t h a t  it has a d i r e c t  vasoconstr ic­
t o r  ac t ion .  But t h i s  a c t i o n ,  judging by t h e  r e s u l t s ' o f  experiments on the  i so ­
l a t e d  h e a r t ,  i s  weak and it occurs only  when massive doses are used (Char l i e r ,  
1961). I n  i n t a c t  animals t h e  e f f e c t  i s  somewhat s t ronger  owing t o  i t s  a b i l i t y  
t o  increase  ex t ravascular  r e s i s t a n c e  (Mendez, Aceves and Pul ido,  1959). Ip ron i ­
az id  i s  capable of prevent ing coronary spasms caused by p i t u i t r i n  and of re­
l i e v i n g  ven t r i cu la r  f i b r i l l a t i o n  caused by occlusion or l i g a t i o n  of a coronary 
a r t e r y  i n  dogs ( F r e s i a ,  Genovese and Morati, 1958; P le t sche r  and Pellmon, 1958; 
Regelson, Hoffmeister and Wilkens, 1959). 

A t  p resent  we have no d i r e c t  experimental  d a t a  t h a t  j u s t i f y  r e l a t i n g  t h e  
p rope r t i e s  of i p ron iaz id  as a monoaminoxidase i n h i b i t o r  t o  i t s  a b i l i t y  t o  i m ­
prove the  card iac  blood supply. Furthermore, it i s  d i f f i c u l t  t o  eva lua te  the  
mechanism responsible  f o r  t he  b e n e f i c i a l  e f f e c t  i n  angina p e c t o r i s  because of 
i t s  broad spectrum of pharmacological ac t ion .  Some authors  (Gossio, 1958) l i n k  
it t o  the  d rug ' s  ana lges ic  p rope r t i e s .  Others (Mendez, 1959) be l ieve  t h a t  it 
r e s u l t s  from t h e  inf luence  exer ted  by the  products of ip roniaz id  decomposition 
i n  t h e  body. 

I n  recent  years  ant icoagulants--heparin,  dicoumarin, and neodicoumarin-­
have been widely used i n  the  t reatment  of myocardial i n f a r c t s  and angina pec­
t o r i s .  The r a t i o n a l e  f o r  such use w a s  t he  observat ions of s eve ra l  i nves t iga to r s  
who convincingly demonstrated t h a t  these  drugs are capable of prevent ing the  
development of experimental  thrombi i n  card iac  blood vesse l s  (Solandt  and B e s t ,  
1938; Solandt ,  N a s s i m  and Best ,  1939; o t h e r s ) .  The e f f e c t  of coagulants on the  
card iac  blood supply has received very l i t t l e  experimental  s tudy.  G i lbe r t  and 
Nalefski  (1949) inves t iga t ed  the  e f f e c t  of hepar in  and dicoumarin on tne volume 
rate of blood drainage from the  coronary s inus  i n  dogs. They found t h a t  heparin 
i n t e n s i f i e d  the  biood f l o w  i n  the  card iac  ves se l s ,  although blood pressure  and 
the  cardiac r a t e  d i d  no t  change. It i s  i n t e r e s t i n g  t o  note t h a t ,  according t o  
these  authors ,  only t h e  sodium sa l t  of heparin i s  capable of i n t ens i fy ing  the  
coronary blood flow. If heparin i s  used i n  t h e  form of a barium sal t ,  t he  blood 
flow i s  not i n t e n s i f i e d .  The authors  ascr ibe  t h i s  phenomenon t o  t h e  antagonis­
t i c  e f f e c t  of t h e  barium ions  on card iac  smooth muscle. I n  t h e i r  opinion, t h e  
presence of basium ions  overcomes the  vasodi la tor  e f f e c t  of heparin.  

Dicoumarin too  i n t e n s i f i e s  t h e  coronary f low,  as shown i n  experiments on 
i n t a c t  animals and on t h e  beat ing i s o l a t e d  h e a r t  when perfused under a constant  
pressure.  



K .  M. Lakin (1960) s tudied  t h e  e f f e c t  of neodicoumarin i n  acute  experiments 
on c a t s  w i t h  recording of t h e  outflow of blood from t h e  coronary s inus .  H e  
found t h a t  t h e  drug i n t e n s i f i e d  the  coronary f low under normal condi t ions and, 
e spec ia l ly ,  i n  t he  case of p i t u i t r i n  spasm of t h e  coronary vesse l s .  The author 
does not  c o r r e l a t e  t h e  observed e f f e c t  wi th  dicoumarin's  ant icoagulant  ac t ion  
because t h e  l a t te r  set  i n  af ter  t h e  blood flow acce le ra t ed  i n  t h e  card iac  
ves se l s .  

Our review of t h e  l i t e r a t u r e  r e f l e c t s  i n  the main t h e  cu r ren t  ideas  on the  
na ture  of t h e  inf luence  exer ted  by var ious pharmacological agents on the coro­
nary c i r c u l a t i o n .  We wish t o  stress once more t ha t  t h e  agents which a f f e c t  ner­
vous r egu la t ion  of coronary vascular  tone (adreno- and cholinomimetic, ganglion-
blocking, ana lges ics ,  n i t r i t e s  and n i t r a t e s )  are of g r e a t  i n t e r e s t .  Because 
t h e i r  e f f e c t  on t h e  coronary c i r c u l a t i o n  w a s  the ob jec t  of our own r e sea rch ,  the 
p e r t i n e n t  l i t e r a t u r e  w i l l  be  c i t e d  i n  t h e  appropr ia te  chapters .  

We presented a diagram i l l u s t r a t i n g  the  poss ib l e  ways i n  which pharmaco­
l o g i c a l  agents may a f f e c t  the card iac  blood supply.  A comparison of t h e  poten­
t i a l i t i e s  revealed by the  d iverse  methods of r egu la t ing  t h i s  blood supply w i t h  
the ex ten t  t o  which they  have been r e a l i z e d  shows how l imi t ed  our knowledge i s  
on the  mechanisms of ac t ion  of t he  drugs.  Therefore ,  it i s  reasonable t o  assume 
t h a t  a c a r e f u l  s tudy of t h e  mechanisms of ac t ion  of c e r t a i n  drugs i n  t h e  l i g h t  
of modern ideas  on the  physiology of blood c i r c u l a t i o n  i n  the heart and the  
search f o r  new e f f e c t i v e  pharmacological agents w i l l  s u b s t a n t i a l l y  enlarge the  
a rsena l  of drugs ava i l ab le  t o  p r a c t i s i n g  physicians f o r  the t reatment  of coro­
nary d i so rde r s .  
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PRINCIPLES UNDERLYING THE METHODS USED I N  STUDYING THE CORONARY CIRCULATION 

Study of t h e  coronary c i r c u l a t i o n  i s  known t o  b e  one of t h e  most d i f f i c u l t  
t a s k s  from the t e c h n i c a l  s tandpoint ,  c h i e f l y  because of t h e  complex and var i ed  
f a c t o r s  involved i n  r e g u l a t i o n  of t h e  myocardial blood supply. We have already 
s t a t e d  t h a t  the main c r i t e r i o n  f o r  judging t h e  i n t e n s i t y  of t h e  blood supply i s  
t h e  volume r a t e  of t h e  coronary f low,  which i s  l a r g e l y  r egu la t ed  by mechanical, 
biochemical, and nervous f a c t o r s .  Thus, t o  study impairment of t h e  coronary 
c i r c u l a t i o n  r equ i r e s  the  employment of s e v e r a l  methods i n  o rde r  t o  gain as com­
p l e t e  an i d e a  as poss ib l e  of t he  complex processes a t  work. It i s  j u s t  as i m ­
po r t an t  , however , t o  analyze t h e  ind iv idua l  f a c t o r s  t h a t  g r e a t l y  inf luence the 
myocardial blood supply. This approach r equ i r e s  t h e  use of s p e c i a l  a n a l y t i c a l  
methods of i n v e s t i g a t i o n .  

When i n v e s t i g a t i n g  t h e  e f f e c t s  of pharmacological agents , one must a l s o  
take i n t o  account the a c t i o n  of each as w e l l  as the changes i n  t h e  organism f o l ­
lowing t h e i r  admin i s t r a t ion .  Therefore,  it i s  extremely important t o  s e l e c t  
t h e  methods most appropriate  t o  t h e  aspect  of t he  problem under study. 

The major c r i t e r i a  f o r  judging t h e  s t a t e  of t h e  coronary c i r c u l a t i o n  are: 
(1) volume r a t e  of t he  coronary blood flow; ( 2 )  r e s i s t a n c e  of t h e  cardiac ves­
sels  t o  t h e  blood flow; (3 )  oxygen consumption of t h e  myocardium; ( 4 )  cardiac 
a c t i v i t y .  The importance of each c r i t e r i o n  v a r i e s  w i th  the  s p e c i f i c  purpose of 
t h e  i n v e s t i g a t i o n .  

Before discussing the  methods, it might be w e l l  t o  review b r i e f l y  the 
anatomical s t r u c t u r e  of t h e  cardiovascular  system. Blood i s  suppl ied t o  t h e  
h e a r t  by two main a r t e r i e s - - t h e  r i g h t  and l e f t  coronary a r t e r i e s .  The l e f t  
coronary a r t e r y  i s  divided i n t o  two branches: l e f t  descending and l e f t  r e f l e x .  
It has been observed t h a t  t h e  t o t a l  amount of blood en te r ing  t h e  dog h e a r t  
ranges from 70 t o  140 ml/min per  100 g of weight of myocardium. I n  doing so ,  
85 percent  of t h e  blood passes through the  l e f t  coronary a r t e r y  (Eckenhoff 
e t  a l .  , 1948; F o l t z ,  Page, Sheldon, e t  a l .  , 1950; Gregg, 1950; A l e l l a ,  W i l l i a m s ,  
Bolene-Williams and K a t z ,  1955). The a r t e r i e s  of t h e  h e a r t  have l e s s  developed 
i n t e r a r t e r i a l  anastomoses than  do the a r t e r i e s  of t he  o the r  organs. This ex­
p l a i n s  why obs t ruc t ion  of a l a r g e  branch of one of t h e  coronary a r t e r i e s  always 
r e s u l t s  i n  a prolonged slowing of t h e  blood flow below the obs t ruc t ion  s i t e  i n  
t h e  region supplied by t h i s  a r t e r y .  According t o  Blumgart (1942),  af ter  l i g a ­
t i o n  of t h e  l e f t  descending coronary a r t e r y  i n  dogs, the blood flow i n  t h e  re­
gion d i s t a l  t o  t he  l i g a t i o n  remains at a very low l e v e l  f o r  s e v e r a l  hours.  
However, judging from experimental  observations and pathoanatomical i nves t iga ­
t i o n s ,  an i n s u f f i c i e n t  myocardial blood supply c r e a t e s  condi t ions favorable  t o  
i n t e n s i f i e d  development of c o l l a t e r a l  ves se l s .  
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The venous system of t h e  myocardium i s  divided i n t o  s u p e r f i c i a l  and deep-
ly ing  vesse l s .  The former c o n s i s t  of t h e  l a r g e  coronary and a n t e r i o r  card iac  
veins .  The l a r g e  coronary v e i n c o l l e c t s b l o o d  from t h e  l e f t  v e n t r i c l e  and te r ­
minates i n  t h e  coronary s inus ,  which opens onto the p o s t e r i o r  sur face  of t he  
r i g h t  a u r i c l e .  The coronary s inus  d ra ins  64-83 percent  of t h e  blood suppl ied 
t o  the  h e a r t  through t h e  l e f t  coronary artery.  When the  l e f t  coronary ar tery 
i s  compressed, t he  outflow of blood from t he  coronary s inus  decreases  sharp ly
(93-95 percent  below t h e  o r i g i n a l  l e v e l ) .  On the  o ther  hand, compression of 
t he  r i g h t  coronary a r t e r y  has v i r t u a l l y  no e f f e c t  on t h e  outflow of blood from 
the  coronary s inus  (Gregg and Shipley, 1947). The a n t e r i o r  card iac  veins  co l ­
l e c t  blood from t h e  r i g h t  h e a r t  and open onto t h e  a n t e r i o r  sur face  of t he  r i g h t  
a u r i c l e  (Gregg, Ship ley  and Bidder,  1943). 

The deep venous system of the h e a r t  c o n s i s t s  of a mass of Thebesian vesse l s  
which connect t he  d i s t a l  ends of the  c a p i l l a r i e s  and coronary ve ins  with the  
heart c a v i t i e s .  It has been observed t h a t  t h e  Thebesian vesse l s  p l ay  a r o l e  i n  
the  drainage of blood from the  r i g h t  v e n t r i c l e  (Lendrum, Kondo and K a t z ,  1945). 
These f ind ings  have been c r i t i c i z e d ,  however, becaEse the  experiments of these  
authors were performed on an a r r e s t e d  h e a r t  perfused with a n u t r i e n t  so lu t ion  
and not w i t h  blood. Such experimental  condi t ions make it impossible t o  eva iua te  
the  func t ion  of the  Thebesian vesse l s  (Gregg, 1950). 

Taking up the  var ious methods of studying the  coronary c i r c u l a t i o n ,  w e  
should l i k e  t o  begin by noting t h a t  t h e  volume r a t e  of blood flow i n  t h e  card iac  
ves se l s  can be determined by recording t h e  rate of inflow i n t o  one of t he  coro­
nary a r t e r i e s  or outflow from the  ve ins .  The many techniques used t o  record the  
coronary flow are descr ibed i n  seve ra l  surveys (Gregg, 1950;Wegria, 1951; N .  V .  
Kaverina and I.  Ye. Kis in ,  1960). 

I n  t h i s  i nves t iga t ion  w e  used the  method of recording the  outflow of blood 
from the coronary s inus  t o  determine the  volume r a t e  of the coronary flow. The 
above-cited d a t a  on the  anatomical s t ruc tu re  of the card iac  venous system show 
t h a t  t he  coronary s inus  i s  the basis of t h e  venous drainage of t he  h e a r t .  T h i s  
makes it poss ib le  t o  use  the  rate of blood outflow from t h e  coronary s inus  as a 
c r i t e r i o n  of t h e  s ta te  of the  card iac  blood supply. 

The f i rs t  t o  record blood drainage from the  coronary s inus  of dogs w e r e  
Morawitz and Zahn (l9lZ!), who proposed a s p e c i a l  cannula f c r  t h i s  purpose. We 
t e s t e d  t h i s  method i n  experiments on c a t s ,  i n s e r t i n g  a polyethylene tube i n t o  
the  cav i ty  of the  coronary s inus .  The p r i n c i p l e  involved i n  measuring t h e  
amount of blood flowing out of the coronary s inus  of c a t s  i s  as fo l lows .  I n  an 
acute experiment , the +borax of anes the t ized  c a t s  given a r t i f i c i a l  r e s p i r a t i o n  i s  
opened up a t  the  5th-6th l e f t  i n t e r c o s t a l  space, followed by removal of 1-1/2 t o  
2 cm long po r t ions  of t h e  5th and 6 th  r i b s  and d i s sec t ion  of the pericardium. 
A purse-s t r ing  su ture  i s  applied t o  the  r i g h t  a u r i c l e  of the hear t .  An i n c i s i o n  
i s  made i n  the center  of the po r t ion  of t h e  a u r i c l e  bounded by the su ture  and 
through it i s  in se r t ed  a polyethylene ca the te r  f i l l e d  w i t h  heparin so lu t ion .  
After t h e  su ture  i s  t igh tened ,  the ca the t e r  i s  drawn from the  a u r i c l e  i n t o  the  
o r i f i c e  of the coronary s inus .  A t  the same t i m e  heparin ( l O O O - l 5 O O  U/kg) i s  i n ­
jec ted  i n t o  t h e  animal intravenously.  



The diagram of the apparatus f o r  measuring t h e  volume rate of blood dra in­
age f r o m t h e  coronary s inus i s  shown i n  f i g u r e  2. The f r e e  end of the c a t h e t e r  
(1) i s  connected t o  a t e e  (4)  through which the blood t r a v e l s  i n  a rubber tube 
(2 )  t o  the  jugular  vein ( f i g .  2c ) .  The tee (4)  i s  a l s o  connected by a rubber 
tube t o  a v e r t i c a l  g l a s s  tube ( 5 ) .  I f  pinchcock (6)  i s  opened for a while and 
pinchcock (7)  closed ( f i g .  2a ) ,  the  blood starts t o  flow i n t o  the  measuring tube 
( 5 ) .  A f r e e l y  moving f l o a t  i s  connected t o  a l ight  recording l eve r  which t r a c e s  
on a kymograph the  r i s i n g  l e v e l  of blood i n  tube ( 5 )  at a r a t e  proport ional  t o  
the  volume r a t e  of blood drainage from the coronary s inus .  B y  knowing the  t i m e  
the pinchcocks are closed and the  diameter of the measuring tube and then  m e a s u r ­
ing  from the  t r a c i n g  on the  kymogram t h e  height  t o  which the  lever  has r i s e n ,  it 
i s  poss ib l e  t o  convert the corresponding f i g u r e s  i n t o  t h e  minute volume of blood 
flow i n  the  coronary s inus .  The blood a f t e r  en ter ing  measuring tube ( 3 )  passes 
through o u t l e t  (3 )  and r e t u r n s  t o  t h e  venous system of the animal ( f i g .  2b) .  
Blood pressure i n  the  c a r o t i d  a r t e r y  i s  recorded with a mercury manometer a t  the 
same time t h a t  the  volume r a t e  of the coronary flow i s  measured, while the  ampli­
tude of cardiac cont rac t ions  i s  determined w i t h  a myocardiograph and pneumatic 
t ransmission.  
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Figure 2. D i a g r a m  of apparatus f o r  recording t h e  dirainage of blood 
from the coronmy sinus of a c a t .  
a--Period of measurement of drainage.  Blood from the  coronary 
s inus  flows through rubber tube (1) i n t o  measuring tube ( 5 ) .  Pinch-
cock (6)  i s  open, pinchcocks (7)  and (8) a re  c losed.  b--F$ow of 
blood from measuring tube ( 5 )  through rubber tube ( 3) . Pinchcocks 
(7)  and (8) a re  open, pinchcock ( 6 )  i s  closed.  Blood from the  coro­
nary s inus  t r a v e l s  from the coronary s inus through tubes (1) and ( 2 )
and t e e  (4)  i n t o  the  c a t ' s  jugular  ve in .  e--Period between measure­
ments of drainage. Blood from the  coronary s inus  t r a v e l s  through 
rubber tubes (1) and ( 2 )  and t e e  ( 4 )  i n t o  the  c a t ' s  jugular  vein.  
Pinchcock (7)  i s  open, pinchcocks (6)  and (8) a re  c losed.  



One experimental  v a r i a t i o n  i s  t o  r eco rd  t h e  volume rate of t he  blood flow 
i n  t h e  cardiac vessel during a spasm induced by t h e  i n j e c t i o n  of p i t u i t r i n .  
The use of t h i s  model makes it p o s s i b l e  t o  t r a c e  the e f f e c t  of pharmacological 
agents af ter  impairment of t h e  ca rd iac  blood supply. Owing t o  the  hypertensive 
e f f e c t  of p i t u i t r i n ,  it i s  not  always poss ib l e  t o  r eco rd  any decrease i n  the 
volume rate of t he  blood flow because e l e v a t e d  a o r t i c  pressure promotes compen­
s a t i o n  of t h e  vasocons t r i c to r  e f f e c t  of p i t u i t r i n  on t h e  coronary v e s s e l s .  I n  
some of t h e  experiments (50-60 p e r c e n t ) ,  t h e  e l eva t ion  of blood p res su re  fol low­
i n g  intravenous i n j e c t i o n  of 1-2 U/kg of p i t u i t r i n  caused the volume rate of 
t h e  coronary blood f low t o  diminish.  T h i s  occurred 1 t o  2-1/2 min af ter  i n j e c ­
t i o n  and it l a s t e d  15-2�) min. Under o rd ina ry  circumstances,  t he  amount of blood 
d ra in ing  from t h e  coronary s inus  of a c a t ' s  h e a r t  ranges from 5-15 ml/min. When 
p i t u i t r i n  i s  i n j e c t e d  i n  the above-mentioned doses ,  t h e  volume rate of blood 
drainage from the coronary s inus  drops 40-50percen t  below the o r i g i n a l  l e v e l ,  
an i n d i c a t i o n  of c o n s t r i c t i o n  of the coronary v e s s e l s .  If pharmacological 
agents are administered af ter  a coronary spasm, t h e i r  e f f e c t i v e n e s s  can be 
judged from the i n t e n s i t y  of t h e i r  a c t i o n  and from the  pe r iod  of t i m e  r equ i r ed  
t o  r e l i e v e  the c o n s t r i c t i o n  of the v e s s e l s .  

The prophylact ic  a c t i o n  of drugs a g a i n s t  spasms of t h e  coronary v e s s e l s  
induced by p i t u i t r i n  can a l s o  be s tud ied  i n  chronic  experiments on c a t s .  The 
sharp spasm following t h e  i n j e c t i o n  of p i t u i t r i n  can be recorded e l e c t r o c a r d i o ­
g raph ica l ly  i n  t h e  form of changes c h a r a c t e r i s t i c  of impaired coronary c i r c u l a ­
t i o n  (Gruber and Kountz, 1930;Ruskin, 1947; Linder,  Loudon and Werner, 1953; 
S .  I .  Teplov, 1956; o t h e r s ) .  I n  experiments on c a t s  i n j e c t e d  with p i t u i t r i n  
( 2  U/kg) , t h r e e  types of EKG changes can be observed. The most t y p i c a l  i s  the  
formation of a negat ive coronary T wave and lowering of t h e  S-T i n t e r v a l  below 
t h e  i s o e l e c t r i c  l i n e .  I n  o the r  cases ,  however, the S-T i n t e r v a l  i s  below t h e  
i s o e l e c t r i c  l i n e ,  forming a high, dome-shaped T wave. The t h i r d  type of EKG 
changes i s  marked by a dis turbance of t he  rhythm, gene ra l ly  with t h e  occurrence 
of an e x t r a s y s t o l e ,  which i s  apparent ly  the r e s u l t  of sharp impairment of t h e  
cardiac blood supply. These EKG changes p e r s i s t  f o r  s e v e r a l  hours,  b u t  they 
are most pronounced during t h e  f i r s t  20-30min a f t e r  p i t u i t r i n  i s  i n j e c t e d .  A 
d e t a i l e d  d e s c r i p t i o n  of t h e s e  experiments i s  given i n  t h e  s e c t i o n  dea l ing  with 
the e f f e c t  of phenothiazine d e r i v a t i v e s  on t h e  ca rd iac  blood supply. 

It w i l l  be noted t h a t  EKG recordings can be used only as a supplementary 
method f o r  studying pharmacological agents  experimentally because EKG changes 
do not always p a r a l l e l  changes i n  t h e  rate of blood flow i n  the  ca rd iac  v e s s e l s .  

I n  some cases  t h e  volume r a t e  of the coronary blood flow, which i s  a com­
p o s i t e  index of t he  i n t e r a c t i o n  of many f a c t o r s ,  i s  a l s o  l i k e l y  t o  be an i n ­
s u f f i c i e n t l y  accurate  c r i t e r i o n  f o r  judging the  mechanism of ac t ion  of pharmaco­
l o g i c a l  agents on t h e  coronary c i r c u l a t i o n .  This i s  p r i m a r i l y  due t o  t h e  f a c t  
t h a t  it i s  no t  poss ib l e  t o  evaluate  t h e  tone of t he  ca rd iac  ves se l s  from a re­
cording of t h e  blood flow t h e r e i n  o r ,  more p r e c i s e l y ,  from t h e i r  r e s i s t a n c e  t o  
t h e  flow of blood. 

The r e s i s t a n c e  of blood v e s s e l s  i n  any organ, including the  h e a r t ,  i s  i n ­
f luenced by t h r e e  f a c t o r s  t o  the  e x t e n t  t h a t  it i s  determined by smooth muscle: 
( 1) arterial pressure , ( 2) humoral agents  , and ( 3) nerve impulses. Therefore , 



i f  i n  an experiment t h e  cond i t ion  of t h e  blood v e s s e l s  proper and l e v e l  of ar te­
rial pressure change a t  t h e  same t i m e ,  t h e  flow of blood i n  t h e  cardiac vessels 
i s  l i k e l y  t o  va ry  i n  i n t e n s i t y ,  depending on which of t he  above f a c t o r s  i s  pre­
dominant. Thus, i f  t h e  ca rd iac  v e s s e l s  are c o n s t r i c t e d  at  t h e  same t i m e  t h a t  
ar ter ia l  p re s su re  i s  e l eva ted ,  one of t h r e e  r eac t ions  of t h e  coronary flow i s  
poss ib l e :  decrease , absence, o r  i nc rease .  This may happen, f o r  example , a f t e r  
r e f l e x  inf'luences when t h e  ca rd iac  v e s s e l s  become c o n s t r i c t e d  as a r e s u l t  of af­
f e r e n t  impulses reaching t h e  vasomotor c e n t e r .  If meanwhile arterial  pressure 
remains unchanged o r  r ises only s l i g h t l y ,  t h e  r e a c t i o n  of the coronary flow w i l l  
t o  some e x t e n t  r e f l e c t  t h e  condi t ion of t h e  ves se l s  themselves. However, i f  
c o n s t r i c t i o n  of t h e  ca rd iac  v e s s e l s  i s  accompanied by e l e v a t i o n  of blood p res ­
s u r e ,  t h e  s i t u a t i o n  changes. The higher  t h e  a r te r ia l  pressure r ises ,  t h e  more 
it compensates the decrease i n  blood flow caused by  c o n s t r i c t i o n  of t h e  coronary 
v e s s e l s .  The r e s u l t  may be a s i t u a t i o n  i n  which, d e s p i t e  c o n s t r i c t i o n  of t h e  
ca rd iac  ves se l s ,  t he  volume of blood f:Lowing through them i n  a u n i t  of time i n ­
c r e a s e s .  It i s  a l s o  p o s s i b l e  t o  have a condi t ion when, d e s p i t e  d i l a t i o n  of t h e  
coronary v e s s e l s  by some pharmacological agent , t h e  volume of blood flowing 
through them i n  a u n i t  of t i m e ,  not  only does no t  i nc rease  as a r e s u l t  of the 
simultaneous lowering of blood p res su re ,  b u t  even decreases .  

Thus, i n  a l l  cases  i n  which vasocons t r i c t ion  o r  v a s o d i l a t i o n  i s  a s soc ia t ed  
with e l eva t ion  or lowering of ar ter ia l  p re s su re ,  measurement of t h e  volume r a t e  
of t h e  coronary flow does no t  ensure t h e  obtaining of q u a n t i t a t i v e  d a t a  on t h e  
magnitude of t he  vascular  response t o  a nerve impulse o r  a c t i o n  of a humoral 
agent or drug. 

To eva lua te  t h e  mechanism of a c t i o n  of a pharmacological agent,  it i s  
necessary t o  know whether it i s  due t o  the  r e a c t i o n  of t h e  coronary v e s s e l s  
themselves or whether it i s  t h e  r e s u l t  of changes t h a t  are meanwhile t ak ing  
place i n  t h e  hemodynamics of t h e  organism o r  i n  cardiac a c t i v i t y .  

I n  studying the  e f f e c t  of pharmacological agents on cardiovascular  r e f l e x e s ,  
it i s  p a r t i c u l a r l y  important t o  d i s t i n g u i s h  between changes i n  coronary vascular  
tone and hemodynamic and ex t r avascu la r  i n f luences .  Since changes i n  t h e  coro­
nary flow i n  response t o  s t imu la t ion  may vary with the  predominance of those f a c ­
t o r s  whose i n t e r a c t i o n  determines the  l e v e l  of t he  myocardial blood supply, t he  
i n t e n s i t y  of t h e  e f f e c t  of t h e  drugs can be evaluated only on the basis of exac t  
i n fo rna t ion  concerning t h e  tone of t h e  coronary v e s s e l s .  It i s  necessary,  t h e r e ­
f o r e  t o  c r e a t e  t h e  experimental  condi t ions t h a t  make it poss ib l e  t o  judge changes 
i n  resi.starlce of the ca rd iac  v e s s e l s  r ega rd le s s  of any changes i n  systemic arte­
r i a l  p re s su re .  This can be done by using s p e c i a l  methods of d i f f e r e n t i a t i n g  t h e  
var ious f a c t o r s  t h a t  change t h e  coronary blood flow. These methods are based on 
the  p r i n c i p l e  of perfusing t n e  ca rd iac  ves se l s  while t he  amount of blood e n t e r ­
ing  t h e  coronary v e s s e l s  o r  the p re s su re  i s  a r t i f i c i a l l y  s t a b i l i z e d .  

The method w e  used involves  a r t i f i c i a l l y  s t a b i l i z i n g  t h e  blood f low i n  the  
v e s s e l s  by perfusing them with t h e  animal 's  own blood, using a s p e c i a l  pump t o  
ensure a constant  volume of perfusion.  The design and operat ing p r i n c i p l e  of 
t h i s  apparatus has been descr ibed by V .  M.  Khayutin, V .  M.  Danchakov and V.  L .  
Tsaturov (1.958)( f i g .  3 ) .  
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Figure 3 .  D i a g r a m  i l l u s t r a t i n g  the operat ing p r i n c i p l e  
of a per fus ion  pump with a constant  f low rate f o r  re ­
cording vascular  r e s i s t ance .  
1--pis ton pump, d r ive  u n i t ;  2--hydroconductor; 3--work­
ing head; &--rubber cap; 5--electromagnetic valves;  
6--tube c o l l e c t i n g  blood from a c a r o t i d  a r t e r y  (pump 
i n l e t ) ;  7--tube supplying blood t o  a coronary a r t e r y  
(pump out le t ) ;8--quenching device; 9--mercury manometer. 

It i s  evident  from f i g u r e  3 t h a t  t he  apparatus  cons i s t s  of t h r e e  main 
parts--pump d r ive  u n i t  (1), working head ( 3 ) ,  and recording manometer ( 9 ) .  
These u n i t s  are interconnected hydrau l i ca l ly  and e l e c t r i c a l l y .  When the  coro­
nary vesse ls  are perfused,  blood from the  c e n t r a l  segment of a c a r o t i d  a r t e r y  
passes  through a cannula (6 )  i n t o  a t h i n  rubber cap (4)  w i th in  the  working head. 
The hollow p a r t  of t h e  working head i s  f i l l e d  wi th  water and connected by a 
hydroconductor (2 )  t o  the  p i s ton  pump of t h e  d r ive  u n i t  (1). The valves ( 5 )  are 
an electromagnetic relay t r igge red  by impulses from the  d r ive  u n i t  (1). Due t o  
the movement of the pump p i s ton ,  which i s  coordinated w i t h  the  working of the  
valves t o  ensure one-way flow of t he  blood, t h e  l a t t e r  proceeds from t h e  c a r o t i d  
a r t e r y  through the  rubber cap i n t o  the  cannula (7)  i n s e r t e d  i n t o  t h e  coronary 
a r t e r y .  The perfusion pressure i s  recorded a t  t h e  pump o u t l e t  by the  mercury 
manometer ( 9 ) .  Thus, t h e  per fus ion  pump, after c o l l e c t i n g  blood from t h e  an i ­
m a l ' s  a r t e r y ,  fo rces  it i n t o  the  coronary v e s s e l s  i n  a constant  volume per  l ini t  
of t i m e .  Under these condi t ions the  pressure  recorded a t  t h e  pump o u t l e t  re­
f l e c t s  changes i n  t h e  r e s i s t ance  of t h e  coronary vesse l s ,  r i s i n g  when they  con­
s t r i c t  and f a l l i n g  when they d i l a t e .  

The design of experiments t o  measure the r e s i s t ance  of coronary vesse l s  i s  
as fol lows.  I n  acute  experiments on c a t s ,  t h e  thorax i s  opened up under the  
conditions of a r t i f i c i a l  r e s p i r a t i o n  and 1-1/2 t o  5 cm long por t ions  of t he  3rd, 
4th and 5 th  r i b s  are removed from t h e  l e f t  s i d e  of t he  thorax.  To prevent hemor­
rhages, l i g a t u r e s  must f i r s t  be appl ied t o  the  i n t e r n a l  mammary and i n t e r c o s t a l  
arteries. The r e s i s t a n c e  of the  coronary vesse l s  i s  measured by i n s e r t i n g  a 
s p e c i a l l y  shaped v i n y l  ch lor ide  cannula i n t o  the  o r i f i c e  of t h e  l e f t  coronary 
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a r t e r y  through t h e  a o r t i c  arch.  F igure  4 shows autoperfusion of the l e f t  coro­
nary a r t e r y .  The advantages of the method are that the  region t o  be perfused 
includes the e n t i r e  system of the  l e f t  coronary artery through which, according 
t o  t h e  l i t e r a t u r e ,  the  heart rece ives  85 percent  of the inflowing blood. How­
eve r ,  t h e  method i s  not  without shortcomings. I n s e r t i o n  of a cannula i n t o  the  
common l e f t  coronary a r t e r y  a t  the p lace  where it d iv ides  i n t o  the descending 
and r e f l e x  branches may resul t  i n  arrhythmia, thereby i n t e r f e r i n g  w i t h  the  per ­
formance of the experiments, or  i n  ven t r i cu la r  f i b r i l l a t i o n .  These complica­
t i o n s  almost never arise i f  t h e  coronary vesse l s  are perfused by introducing a 
t h i n  polyethylene c a t h e t e r  (0.5-0.6 mm i n  diameter) i n t o  t h e  r e f l e x  branch of 
the l e f t  coronary a r t e r y  (fTg. 5 ) .  This n a t u r a l l y  reduces the area t o  be pe r -
fused .  The var ious problems can be c o r r e c t l y  solved by using e i t h e r  method, de­
pending on the p a r t i c u l a r  purpo'se of the inves t iga t ion .  

For  example, i n  studying t h e  ac t ion  of pharmacological agents on coronary 
vascular  r e f l e x e s ,  it i s  more convenient t o  use the second method because it has 
less e f f e c t  on card iac  a c t i v i t y  and on the innerva t ion  of t he  coronary vesse l s .  
On t he  o ther  hand, a c l e a r e r  idea of the  e f f e c t  of t h e  agents  on r e s i s t a n c e  of 
t he  coronary vesse l s  may be obtained by perfusing a l a rge  po r t ion  of the myocar­
dium, i . e . ,  t he  e n t i r e  region suppl ied w i t h  blood through t h e  l e f t  coronary 
a r t e r y .  

Before s t a r t i n g  t h e  experiment, t he  perfusion pump system and the  polyethyl­
ene cannula are f i l l e d  w i t h  R inge r ' s  so lu t ion  and hepar in  so lu t ion ,  r e spec t ive ly .  
J u s t  before  perfusion begins ,  hepar in  i s  i n j e c t e d  i n t o  the animal intravenously 
( l O O O - l 5 O O  U/kg) . The experiment begins  w i t h  determination of the blood flow 

Perf usion 

L e f t  

a r t e r y  

Aorta 

Le f t  coronary 

Figure 4. I n s e r t i o n  of a cannula through t h e  a o r t i c  arch 
i n t o  the o r i f i c e  of the  l e f t  coronary artery. 
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of t h e  l e f t  r1 Perfusion 1 coronary artery ,., 

m,," e 

Reflex branch of t h e  l e f t  coronary a r t e r y  

Figure 5 .  Autoperfusion of t h e  r e f l e x  branch of t h e  l e f t  coronary a r t e r y .  
The diagram shows the region i n  which l i g a t u r e s  a r e  appl ied and a cannula 
i n s e r t e d  i n t o  the r e f l e x  branch of t he  l e f t  coronary a r t e r y .  

ra te  ( i . e . ,  volume of perfusion)  needed f o r  t h e  normal myocardial blood supply 
of t h e  p a r t i c u l a r  animal. T h i s  r equ i r e s  s e l e c t i n g  t h a t  volume of blood t o  be 
d i r e c t e d  t o  t h e  coronary v e s s e l s  whereby the l e v e l  of perfusion pressure i s  equal 
t o  o r  a l i t t l e  above t h e  blood pressure l e v e l  of t h e  animal. 

I n  our experiments perfusion pressure ( r e s i s t a n c e  of the  coronary v e s s e l s  
w a s  measured w i t h  a mercury manometer simultaneously with a r t e r i a l  pressure ( i n  
a c a r o t i d  or femoral a r t e r y ) .  The pharmacological agents under study were i n ­
j ec t ed  intravenouslv or d i r e c t l y  i n t o  the  coronary v e s s e l s .  

Since it w a s  important t o  determine the  degree of involvement of extravascu­
lar f a c t o r s  i n  t h e  mechanism of acti.on of t h e  drugs on t h e  coronary c i r c u l a t i o n ,  
i n t r a v e n t r i c u l a r  p re s su re  w a s  recorded i n  s e v e r a l  s e r i e s  of experiments. An 
e l e c t r i c a l  manometer w a s  used t o  record p res su re  i n  t h e  l e f t  v e n t r i c l e .  The i n ­
duction pickup of t h e  instrument w a s  introduced i n t o  the  l e f t  v e n t r i c l e  through 
t h e  l e f t  a u r i c l e  and secured w i t h  a pu r se - s t r ing  su tu re .  Pressure i n  t h e  ven­
t r i c l e  w a s  recorded w i t h  an ink-wri t ing r eco rde r .  De ta i l s  on the design of t hese  
experiments are given i n  t h e  appropriate  s ec t ions .  W e  have a l r eady  mentioned 
t h a t  a s p e c i a l  s e c t i o n  discusses  the e f f e c t  of pharmacological agents on coronary 
vascular  r e f l e x e s .  The experiments aimed at studying such r e f l e x e s  were pe r ­
formed by the  method of res is tography.  Account w a s  taken of changes i n  r e s i s t ­
ance of the  coronary v e s s e l s  and blood p res su re  after s t imu la t ion  of t he  c a r o t i d  
s inus  r ecep to r s  (by  occlusion of t h e  c a r o t i d  a r t e r y )  and a f f e r e n t  f ibers  of the 
t i b i a l  and median nerves.  After these nerves were divided,  immersible e l ec t rodes  
w e r e  placed on t h e i r  c e n t r a l  segments. St imulat ion w a s  produced by r ec t angu la r  
impulses from an e l e c t r o n  s t imulator  (frequency 50-60 cps,  durat ion 1-2 m/sec, 
voltage 2-10 v ) .  

I n  some cases  it w a s  necessary t o  i n v e s t i g a t e  the e f f e c t  of pharmacological 
agents on myocardial oxygen consumption and caxdiac a c t i v i t y .  Oxygen consumption 
w a s  determined by the  pho toe lec t r i c  method, which i s  based on measuring the  
amount of oxyhemoglobin i n  venous blood d ra in ing  from t h e  c a r o t i d  s inus .  Y e .  M. 
Kreps' oxygenometer w a s  used f o r  continuous measurement of the amount of oxygen 
i n  blood draining from t h e  coronary s inus .  The procedure f o r  determining 



myocardial oxygen consumption by t h i s  method i n  experiments on c a t s  w a s  devel­
oped by I. Y e .  Kis in  (1959). Addit ional  d e t a i l s  on the use of t h e  method i n  om 
inves t iga t ions  are given below (pp. 81 and 82) .  

To determine the  work performed by the h e a r t ,  it i s  necessary,  of course,  
t o  have information about i t s  output .  W e  t he re fo re  ran a s p e c i a l  series of 
chronic. experiments on dogs i n  which w e  used Grollman's method (1932) i n  I. I. 
Khrenov' s modif icat ion ( 1946) t o  measure the  card iac  output .  Experiments of 
t h i s  kind w e r e  e s s e n t i a l  i n  studying the e f f e c t  of ch lo raz i c in  on the card iac  
blood supply. Details w i l l  be found i n  the  sec t ion  on ch loraz ic in .  

Conclusions on the mechanisms of ac t ion  of the var ious pharmacological 
agents on the coronary c i r c u l a t i o n  were based on a compasison of t h e i r  inf luence 
on a number of ind ices  of the card iac  blood supply. The r e s u l t s  of t he  experi­
ments w e r e  s t a t i s t i c a l l y  processed. The changes i n  volume rate of the  coronary 
flow, r e s i s t a n c e  of the coronary v e s s e l s ,  and blood pressure  w e r e  ca l cu la t ed  i n  
percentages of the i r  o r i g i n a l  values .  The mean values w e r e  determined i n  each 
series of experiments w i t h  the s tandard e r r o r  and confidence l i m i t s  (95 percent  
of the p r o b a b i l i t y  l e v e l ) .  I n  s tudying the  e f f e c t  of pharmacological agents on 
t h e  coronary vascular  r e f l e x e s ,  the s igni f icance  of the observed changes w a s  
determined from the c r i t e r i o n  of s ign i f icance  of the mean d i f fe rence .  The 
degrees of change i n  t h e  absolu te  values  of the coronary vascular  r e f l e x e s  and 
blood pressure  w e r e  ca l cu la t ed  i n  percentages of t h e i r  o r i g i n a l  values .  I n  
these experiments the mean data w e r e  a l s o  determined i n  each series of exper i ­
ments w i t h  the  s tandard e r r o r  and confidence l i m i t s .  The r e s u l t s  of s t a t i s t i c a l  
processing of the experiments w e r e  then tabula ted  and included i n  t h e  appropri­
ate sec t ions  of t he  book. The fol lowing conventional symbols we used i n  the 

tables: p- -probabi l i ty  of t r u e  mean value; n--number of experiments; f = nI + 

n2 - 2; t - -Student-Fisher  c r i t e r i o n  f o r  s m a l l  samples. 
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PART I 

EFFECT OF PHARMA.COLOGICAL AGENTS ON PERIPHERAL �KEGULATION 
O F  THE CARDIAC BLOOD SUPPLY 

CHAPTER 1. EFFECT OF ADRENOMIMETIC AGENTS ON THE CORONARY CIRCULATION 

The e f f e c t  of epinephrine on the  cardiac v e s s e l s  has been ex tens ive ly  
i n v e s t i g a t e d  s ince  the  beginning of t he  20th century.  It i s  now an e s t a b l i s h e d  
f a c t  t h a t  epinephrine and o ther  adrenomimetic agents di la te  t h e  coronary v e s s e l s .  
It i s  gene ra i ly  bel ieved t h a t  the  innervat ion of the  cardiac v e s s e l s  i s  such 
tha t  e x c i t a t i o n  of adrenergic s t r u c t u r e s  r e s u l t s  i n  d i l a t a t i o n  rather than con­
s t r i c t i o n  of the  coronary v e s s e l s .  However, t h i s  view i s  not  adequately sup­
por ted  by experimental d a t a  s ince  it i s  s t i l l  unclear  whether d i l a t a t i o n  of the  
coronary v e s s e l s  i s  due t o  t h e  d i r e c t  ac t ion  of epinephrine on them o r  t o  asso­
c i a t e d  changes i n  t h e  hemodynamics and metabolic processes of the myocardium. 

Analysis of t he  l i t e r a t u r e  shows tha t  the data a re  h igh ly  var ied ,  the  main 
reason being t h a t  t h e  authors  used d i f f e r e n t  methods. Some s tudied  the  e f f e c t  
of epinephrine and norepinephrine on smooth muscle, using f o r  t h e i r  experiments 
striae of vascular  t i s s u e .  The response of striae of coronary a r t e r i e s  t o  ep i ­
nephrine v a r i e s  with the  species  of animal. I n  most cases  adrenomimetic agents 
cont rac t  t h e  muscles (F .  P .  Trinus,  1959; Barbour, 1912; o t h e r s ) .  Only striae 
of the  coronary v e s s e l s  of swine, oxen, and dogs respond t o  adrenomimetics by 
r e l ax ing  (Cruickshank and Subba Rau, 1927; Smith and Coxe, 19W) .

For example, 
Many experi­

ments involved an i s o l a t e d  h e a r t  p repara t ion .  
studying the  p repa ra t ion  of an i s o l a t e d  h e a r t  a r r e s t e d  by s t rophanthin,  showed 

N .  P.  Krapkov (1950),  

t h a t  under these  condi t ions epinephrine does not c o n s t r i c t  t he  coronary v e s s e l s .  

On the cont ra ry ,  i n  most cases  it d i l a t e s  them. This w a s  the  conclusion of 

S.  P.  Zavodskoy ( l 9 2 l ) ,  who found tha t  epinephrine d i l a t e s  the v e s s e l s  of t h e  

i s o l a t e d  h e a r t  of the  newborn. 


Kountz (1932) and Baker (1953) inves t iga t ed  the  e f f e c t  of epinephrine and 
norepinephrine on drainage from the  coronary v e s s e l s ,  pe r fus ing  the v e s s e l s  of 
the  i s o l a t e d  human h e a r t .  They found t h a t  during the  per fus ion  of a bea t ing  
h e a r t ,  epinephrine reduces the  drainage from t h e  coronary v e s s e l s ,  but  d i l a t e s  
the v e s s e l s  of the arrested h e a r t .  

On the  o ther  hand, some authors  who used the  p repa ra t ion  of the i s o l a t e d  
con t r ac t ing  h e a r t  and the hear t - lung preparat ion observed t h a t  epinephrine i n ­
t e n s i f i e s  the  drainage from the  coronary v e s s e l s  (Markwalder and S t m l i n g ,  1913, 
1914; Melvi l le ,  1932; Bagoury and S a a l f i e l d ,  1934;K a t z ,  Linder,  e t  al., 1938; 
Kordik, 1951). 
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Other i n v e s t i g a t o r s  found t h a t  epinephrine c o n s t r i c t s  t h e  coronary vesse l s  
(S.  V. Anichkov, 1923; Wiggers, 1909; Barbour and P r ince ,  1914; Drury and Sumbal, 
1924; Hausler,  1929; Saa l f  i e l d ,  1931; Carvalho, 1943). 

There i s  a l s o  t h e  view t h a t  during per fus ion  of t h e  v e s s e l s  of t h e  i s o l a t e d  
h e a r t ,  t h e  ac t ion  of epinephrine v a r i e s  with the  concentrat ion.  I n  low doses it 
c o n s t r i c t s  the  coronary vesse l s ,  but  i n  l a r g e  doses d i l a t e s  them. It w a s  as­
sumed, t he re fo re ,  t h a t  t h e  d i l a t a t i o n  observed af ter  t h e  use of l a r g e  doses re­
su l t s  f r o m  the changes i n  cardiac a c t i v i t y  t h a t  take p lace  a t  t h i s  t i m e  (Brodie 
and C o l l i s ,  1911; Gruber and Roberts,  1926; Smith, Miller and Graber, 1926; 
Leusen and Essex, 1953; Aukut, 1955). 

Most of t he  i n v e s t i g a t i o n s  deal ing w i t h  t h e  e f f e c t  of epinephrine on t h e  
coronary c i r c u l a t i o n  of t h e  i n t a c t  organism involved t h e  use of methods based on 
recording t h e  volume rate of the  coronary flow (Wegria, Essex, Herr ick and Mann, 
1940; Green, Wegria and Boyer, 1942; Eckenhoff, Hafkenschiel and Landmesser, 
1947; Brose, Schaefer ,  e t  a l . ,  1953; West, Guzman and B e l l e t ,  1957; Nuki, 1957; 
Jourdan and Faucon, 1958; o t h e r s ) .  These inves t iga t ions  demonstrated tha t  ep i ­
nephrine i n t e n s i f i e s  the  volume rate  of the  coronary f low.  They a l s o  were t h e  
basis for the  content ion t h a t  epinephrine d i l a t e s  the ca rd iac  v e s s e l s .  

However, measurement of the  volume rate of blood flow i n  t h e  card iac  ves­
sels  i s  i n s u f f i c i e n t  f o r  eva lua t ing  t h e  tone of these  vesse ls  because it r e s u l t s  
from the  i n t e r a c t i o n  of several f a c t o r s ,  t he  most important being changes i n  t he  
l e v e l  of systemic ar ter ia l  pressure ,  card iac  a c t i v i t y ,  and i n t e n s i t y  of myocar­
d i a l  metabolism. Since epinephrine causes marked changes i n  these  f a c t o r s ,  t he  
r e s u l t a n t  increase  i n  rate of the  coronary flow may be the consequence of these  
changes r a t h e r  than of i t s  d i r e c t  inf luence on t h e  adrenergic  s t r u c t u r e s  of t he  
coronary vesse l s .  The only attempts t o  solve the problem were made by Binet and 
Burstein (1953) and Berne (1958), who used methods t h a t  enabled them t o  exclude 
the  hemodynamic inf luence of blood pressure f l u c t u a t i o n s  and t o  record the tone 
of t he  cardiac ves se l s .  Binet  and Burs te in  conducted t h e i r  i nves t iga t ions  on 
the  heart  prepara t ion  i n  s i t u ,  while Berne d i d  most of h i s  work on the f i b r i l ­
l a t e d  h e a r t .  

It i s  evident  from t h i s  review of t h e  l i t e ra ture  t h a t  there  i s  s t i l l  no 
consensus on the  na ture  of the  e f f e c t  of epinephrine on t h e  card iac  ves se l s  or 
on i t s  mechanism of ac t ion .  It i s  obvious tha t  t h e  complex and confused subjec t  
of t he  e f f e c t  of epinephrine and s i m i l a r  drugs on the  coronary c i r c u l a t i o n  can 
be e luc ida ted  only by comparing r e s u l t s  of experiments i n  which seve ra l  methods 
are used so t h a t  t h e  d i f f e r e n t  f a c t o r s  involved can be analyzed. We s tudied  the  
e f f e c t  of epinephrine and norepinephrine on t h e  coronary c i r c u l a t i o n  i n  i n t a c t  
animals,  using the  method of res i s tography and recording the volume rate of 
blood flow. I n  addi t ion ,  i n  some experiments w e  recorded pressure  i n  the  cav i ty  
of t h e  l e f t  v e n t r i c l e  t o  analyze the  experimental  da t a .  Use w a s  made of c r y s t a l ­
l i n e  prepara t ions  of epinephrine and norepinephrine (1-norepinephrine bi tar t ra te)  
i n j e c t e d  intravenously or  i n t o  the  blood stream moving toward the  coronary 
vesse l s .  

The experiments w i th  the  r e s i s tog raph ic  method showed t h a t  epinephrine 
gene ra l ly  has a two-phase ac t ion .  A s  soon as the drug i s  i n j e c t e d ,  t h e  card iac  



Figure 6. E f f e c t  of epinephrine (15 pg/kg) on r e s i s t a n c e  
of t h e  coronary v e s s e l s  and on blood p res su re .  
Top t o  bottom: perfusion p res su re - - r e s i s t ance  of coronary 
v e s s e l s  ( res is togram) , blood pressure , mark of administra­
t i o n  of t h e  agent,  t i m e  mark--5 sec .  Broken l i n e s  desig­
na te  t h e  o r i g i n a l  l e v e l  of perfusion and blood p res su res .  

v e s s e l s  c o n s t r i c t ,  af ter  which they  d i l a t e .  This ac t ion  i s  very d i s t i n c t  when 
t h e  drug i s  i n j e c t e d  i n t o  t h e  blood stream moving toward the coronary v e s s e l s .  
The i n t e n s i t y  of t h e  phases v a r i e s  w i th in  broad l i m j t s .  

After  intravenous i n j e c t i o n  of 5 pg/kg of epinephrine,  the increase i n  
r e s i s t a n c e  of t h e  ca rd iac  ves se l s  averaged 10 1.8 percent  i n  9 experiments. 
When t h e  dose w a s  i nc reased ,  i t s  vasocons t r i c to r  e f f e c t  a l so  increased.  After  
i n j e c t i o n  of 10 pg/kg of the drug, t h e  increase i n  r e s i s t a n c e  of t h e  ca rd iac  
v e s s e l s  averaged 22 f 3.2 percent  i n  1 3  experiments; after i n j e c t i o n  of 15 pg/kg, 
t h e  increase averaged 37 f 4.5 percent  i n  10 experiments ( f i g .  6 ) .  

The r e s u l t s  of t h i s  series of experiments are presented i n  t h e  form of a 
graph ( f i g .  7):which shows t h a t  i nc reas ing  the  dose of epinephrine i n t e n s i f i e s  
t h e  vasocons t r i c t ion  phase of i t s  ac t ion .  The durat ion of t he  c o n s t r i c t i o n  
phase va r i ed  from experiment t o  experiment. For example, a f t e r  a dose of 5 pg/ 
kg of epinephrine,  it l a s t e d  about a minute (averaging 57 f 3.2 sec i n  9 expe r i ­
ments).  When t h e  dose w a s  i nc reased ,  t h i s  phase lengthened somewhat. For exam­
p l e ,  a f t e r  a dose of 15  pg/kg, it increased t o  2 min or more i n  10 experiments 
(averaging 160 f 17 s e c ) .  Thus, t h e  i n t e n s i t y  and du ra t ion  of t h e  c o n s t r i c t i o n  
phase increased with t h e  dose. 

The d i l a t a t i o n  phase,  on t h e  o the r  hand, w a s  h igh ly  v a r i a b l e .  W e  were un­
able  t o  d e t e c t  any d i r e c t  connection between i t s  i n t e n s i t y  and t h e  dose of 
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Figure 7. Rela t ionship  between i n t e n s i t y  of t h e  c o n s t r i c t i o n  phase 
of coronary vesse l s  and dose of epinephrine and v a r i a b i l i t y  of 
t h e i r  d i l a t a t i o n  phase.  
Ordinate--changes i n  r e s i s t a n c e  of coronary vesse l s  i n  percentages 
of the o r i g i n a l  l e v e l .  From zero upward--intensity of c o n s t r i c t i o n  
phase, downward--dilatation phase. Height of columns--mean value 
of change i n  r e s i s t a n c e  i n  each series of experiments i n  percent­
ages; x--maximum change i n  r e s i s t a n c e  of coronary vesse l s  i n  pe r ­
centages i n  each experiment. 

epinephrine used. After i n j e c t i o n  of 5 pg/kg, t h e  lowering of r e s i s t a n c e  of 
t h e  coronary vesse l s  averaged 8.1 f 1.5  percent  i n  10 experiments. When the  
dose w a s  increased,  t h e  d i l a t a t i o n  phase w a s  even more va r i ab le  or sometimes 
w a s  absent a l toge the r .  The d i l a t a t i o n  phase l a s t e d  from 1t o  4-5 min. 

Unlike epinephrine,  norepinephrine has a r a t h e r  weak vasocons t r ic tor  ef -
f e e t  on coronary r e s i s t a n c e .  After i n j e c t i o n  of a dose of 5 pg/kg, t h e  i n ­
crease i n  r e s i s t ance  averaged 5 f 1 . 3  percent  i n  7 experiments. A comparison 
of epinephrine and norepinephrine ( i n  a dose of 5 pg/kg) with r e spec t  t o  vaso­
c o n s t r i c t o r  e f f e c t  showed t h a t  the  former increased  t h e  r e s i s t a n c e  of the  coro­
nary vesse ls  twice as much as the  la t ter .  The d i f fe rence  between the  e f f e c t s  
w a s  s t a t i s t i c a l l y  s i g n i f i c a n t  ( p  < 0.05) .  
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The i n t e n s i t y  of the  d i l a t a t i o n  phase w a s  somewhat more pronounced a f t e r  
t he  ac t ion  of norepinephrine.  This phase occurred i n  almost every case (un l ike  
t h a t  af ter  epinephrine)  even though it w a s  sometimes qu i t e  b r i e f  (no longer than 
40-45 see)  ( f i g .  8 ) .  

The r e s u l t s  of t he  experiments summarized i n  t a b l e  1 show t h a t  both epineph­
r i n e  and norepinephrine e x e r t  a two-phase e f f e c t  on t h e  coronary v e s s e l s ,  t he  
l a t te r  causing less in tense  c o n s t r i c t i o n  but  more r egu la r  d i l a t a t i o n .  It i s  i n ­
t e r e s t i n g  t o  note t h a t  c o n s t r i c t i o n  of t h e  card iac  ves se l s  under the  inf luence  
of epinephrine i n  i n t a c t  animals w a s  observed only by those  authors  who used 
methods t h a t  enabled them t o  exclude t h e  hemodynamic inf luence of blood pressure 
f l u c t u a t i o n s  (Bine t  and Burs te in ,  1943; Berne, 1958). 

Therefore ,  it i s  reasonable t o  assume t h a t  t h e  inc rease  i n  volume rate of 
t he  coronary flow observed immediately a f t e r  t he  i n j e c t i o n  of epinephrine i s  not  
evidence of d i l a t a t i o n  of t he  coronary vesse l s ,  i . e . ,  lowering of t h e i r  r e s i s t ­
ance. It seems c l e a r  t h a t  p ressure  increases  sharp ly  i n  the  a o r t a  owing t o  
vasocons t r ic t ion  i n  o the r  p a s t s  of the  body so t h a t ,  d e s p i t e  c o n s t r i c t i o n  of t h e  
coronary v e s s e l s ,  the  ra te  of blood flow t h e r e i n  may r ise .  

Since w e  evaluated the  degree of card iac  vascular  c o n s t r i c t i o n  from t h e  i n ­
crease i n  r e s i s t a n c e ,  it w a s  necessary t o  determine t h e  ex ten t  t o  which the  ex­
t r avascu la r  components of r e s i s t a n c e  are involved i n  the vasocons t r ic tor  e f f e c t  
produced by adrenomimetic substances.  It i s  a w e l l  known f a c t  t h a t  t h e  l a t te r  
provoke sharp changes i n  hemodynamics and card iac  ac t ion .  Hence, it w a s  impos­
s i b l e  t o  exclude t h e  p o s s i b i l i t y  t h a t  changes i n  t h e  ex t ravascular  f a c t o r s  p l ay  
a major role i n  increas ing  t h e  r e s i s t a n c e  of t h e  coronary vesse l s .  
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TABLF: 1. EFFECT OF EPINEPHRm AND NOREPINEPHRINE ON RESISTANCE 
OF TED3 CORONARY VESSELS AND ON BLOOD PRESSURE. (MEAN DATA I N  

~PERCENTAGES OF THE ORIGINAL LEVEL W I THE STANDARD ERROR) 
~ - -. 

Pharmacologic a1 Dose N o .  of 
Cons t r i c t ion  phase D i l a t a t i o n  phase 

i n  exper - ( i n c r e a s e  i n  re - (decrease i n  re- Blood 
agent 

w / k g  iment s 
s i s t a n c e )  of coro- s i s t a n c e )  of coro- pressure 

nary v e s s e l s  nary v e s s e l s  
~ 

~ . .  -. ~ 

Epinephrine 5 9 io f 1.8 8.1 1.5 72 f 10.7 
_ _  

10 13 22 f 3.2 2 * 0.3 81 f 13.7 
15 10 37 f 4.5 6 f. 1.9 L31 f 14.8 

Norepinephrine 5 7 5 f 1.3 11 f 2.5 28 f 8 
10 5 16 f 3.7 7 f 2.8 54 f 12.1 

- ~ . -. ___ 

To c l a r i f y  t h e  ma t t e r ,  we performed a series of experiments i n  which 
changes i n  r e s i s t a n c e  caused by epinephrine and p a r t i a l  a o r t i c  occlusion were 
compared. The method employed increased p res su re  i n  t h e  c a v i t i e s  of t h e  h e a r t  
and, as a r e s u l t ,  i n t e n s i f i e d  ex t r avascu la r  r e s i s t a n c e .  Pressure w a s  recorded 
i n  the l e f t  v e n t r i c l e  by means of an e l e c t r i c  manometer, the induct ion pickup of 
which w a s  introduced i n t o  t h e  v e n t r i c u l a r  c a v i t y  through the  l e f t  a u r i c l e .  A 
screw-type vascular  clamp w a s  used t o  occlude t h e  a o r t a .  We raised a o r t i c  p re s ­
su re  and a t  t h e  same t i m e  raised i n t r a v e n t r i c u l a r  pressure t o  the same value as 
t h a t  achieved by i n j e c t i n g  a given amount of epinephrine.  We then  compared t h e  
amount of i nc rease  i n  coronary vascular  r e s i s t a n c e  ( t a b l e  2). The table shows 
t h a t  with equal  e l e v a t i o n  of pressure i n  t h e  l e f t  v e n t r i c l e ,  r e s i s t a n c e  of t h e  
coronary v e s s e l s  under t he  inf luence of epinephrine w a s  t h r e e  t i m e s  s t ronge r  
than af ter  occlusion of t h e  a o r t a .  The difference i n  these  e f f e c t s  w a s  s ta t i s ­
t i c a l l y  s i g n i f i c a n t  ( p  < 0 . 0 5 ) .  One of t h e  experiments i s  shown i n  f i g u r e  
9a, b .  

We found, t h e r e f o r e ,  tha t  t h e  inc rease  i n  r e s i s t a n c e  of the coronary 
v e s s e l s  under t he  in f luence  of epinephrine i s  due mainly t o  i t s  d i r e c t  ac t ion  on 
the  ves se l s  themselves and p a r t l y  t o  inc rease  i n  t h e  ex t r avascu la r  components of 
r e s i s t a n c e .  W e  p rev ious ly  mentioned t h a t  epinephrine i s  more po ten t  than nor­
epinephrine i n  inc reas ing  r e s i s t a n c e .  The reason may be t h a t  norepinephrine i n ­
j e c t e d  intravenously causes bradycardia ,  r e s u l t i n g  i n  a decrease i n  t h e  s t roke  
volume of t he  h e a r t .  Therefore,  d e s p i t e  t h e  i n c i e a s e  i n  pe r fus ion  r e s i s t a n c e  of 
t h e  ves se l s ,  which e l e v a t e s  systemic ar ter ia l  p re s su re ,  ca rd iac  a c t i v i t y  changes 
less  under t h e  inf luence of t h i s  drug than it does af ter  the  adminis t ra t ion of 
epinephrine (MeMichael and Scharpey-Scharfer, 1944;Barc ro f t  and Swan, 1953). 

It i s  reasonable t o  assume, the re f  o r e ,  that  t h e  ex t r avascu la r  components of 
r e s i s t a n c e  p l ay  a smaller p a r t  i n  manifestat ion of t h e  e f f e c t  of norepinephrine 
on t h e  ca rd iac  v e s s e l s  than they do after t h e  a c t i o n  of epinephrine,  which 
causes tachycardia  and a marked inc rease  i n  ca rd iac  output  and a c t i v i t y .  Thus, 
t h e  d i f f e rence  i n  rate of change i n  r e s i s t a n c e  of t h e  coronary v e s s e l s  under t h e  
inf luence of epinephrine and norepinephrine i s  c l e a r l y  due not  t o  t h e i r  d i r e c t  
vasocons t r i c to r  e f f e c t  b u t  t o  the e x t e n t  t o  which the  ex t r avascu la r  components 
of r e s i s t a n c e  are involved i n  manifestat ion of t h e  a c t i o n  of each of t h e  drugs.  
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TABLE 2. CHANGE I N  INTRAVENTRICULAR AND ARTERIAL PRESSURES 
( I N  mm Hg) AND I N  PERFUSION PRESSURE ( A S  A PERCENTAGE OF THE 
ORIGINAL LEVEL) AFTER ADMINISTRATION OF EPINEPHRINE AND 
OCCLUSION OF TRE AORTA. 

No. of 
exper ­
ment 

1 

2 

3 

4 
5 

Epinephrine Norepinephrine 

Jean change i n  perfusion lean change i n  perfusion 
? re s su re  with t h e  stand- r e s s u r e  with the  stand­
wd e r r o r  trd e r r o r  

37 f 5.5% 12 * 2.8% 

t = 2.93; n = 8; o .05 

I U

I r f 4 0  


Aort ic
occlusion 1 w 

Figure 9a. Changes i n  r e s i s t a n c e  of t h e  coronary v e s s e l s  
and blood pres su re  after t h e  a c t i o n  of epinephrine ( a )  and 

occlusion of t h e  a o r t a  (b). 

Top t o  bottom: perfusion pressure ( r e s i s tog ram) ,  blood 

pres su re ,  mark of adminis t ra t ion of epinephrine and occlu­ 

s ion  of aorta, t i m e  mark--5 s e c .  
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140 mm Hg 240 mm Hg 14.0mm Hg 

Figure  9b. Recording of pressure  i n  the l e f t  v e n t r i c l e  
by means of an e l e c t r i c  manometer ( t h e  sane experiment).  
Top curve--increase i n  pressure  i n  the  l e f t  v e n t r i c l e  
af ter  adminis t ra t ion  of epinephrine; bottom curve--the 
same af ter  occlusion of the a o r t a .  I n  both cases  the 
increase  i n  pressure amounted t o  100 mm Hg. T ime  mark 
under curves--length of t i m e  t h e  recording instrument 
stopped ( t i m e  mark--1 sec)  . 

Our observat ions provide grounds f o r  be l iev ing  tha t  the  card iac  ves se l s  be­
come cons t r i c t ed  as a r e s u l t  of e x c i t a t i o n  of t h e  adrenergic  s t r u c t u r e s  of the 
coronary vesse l s  by adrenomimetic substances.  To v e r i f y  the  assumption, w e  per ­
formed experiments which showed tha t  t h e  vasocons t r ic tor  e f f e c t  of epinephrine 
and norepinephrine on the coronary vesse l s  i s  blocked by adrenoly t ic  substances 
(dihydroergotamine w a s  used as the  adrenoly t ic  --1mg/kg i n j e c t e d  intravenously)  
( f i g .  10). We concluded t h a t  the  coronary v e s s e l s  c o n s t r i c t  i n  response t o  the  
adminis t ra t ion of adrenomimetic substances due t o  e x c i t a t i o n  of t h e i r  adrenergic 
s t r u c t u r e s .  

Of considerable  i n t e r e s t  i s  the o r i g i n  of t he  d i l a t a t i o n  phase of t he  ca r ­
d iac  vesse ls  under t h e  inf luence  of epinephrine.  The adrenomimetics a re  known 
t o  increase  markedly the i n t e n s i t y  of myocardial metabolism. Changes i n  myocar­
d i a l  metabolism under t h e  inf luence of epinephrine depend l a r g e l y  on the  changes 
t h a t  may take  p lace  i n  myocardial oxygen consumption. 

A number of i nves t iga to r s  found t h a t  epinephrine and norepinephrine i n ­
crease myocardial oxygen consumption (Evans and Ogava, 1914; Evans, 1917; 
Gollwitzer-Meier , K r a m e r  and Krcger , 1936; Garcia-Ramos and D e  Arellano, 1951). 
A s  myocardial oxygen consumption grows, t h e  volume rate  of t h e  coronary blood 
flow increases  (Katz ,W i l l i a m s  , Laurent , Bolene-Williams and Feinberg,  1956; 
Raab, 1956; Feinberg and K a t z ,  1958; Koroku, Shige i ,  e t  al . ,  1960).  

Increase  i n  rate of myocardial metabolism and, above a l l ,  i n  oxygen con­
sumption r e s u l t s  from an increase i n  blood pressure  and card iac  a c t i v i t y  caused 
by epinephrine.  Changes i n  hemodynamic condi t ions seem t o  be the main, bu t  not 
t he  only f a c t o r  t h a t  increases  the  rate of myocardial metabolism under the  i n ­
f luence of adrenomimetic agents .  The increase  i n  myocardial oxygen consumption 
caused by these  substances i s  not  propor t iona l  t o  the  increase  i n  card iac  a c t i v ­
i t y  (Gollwitzer-Meier, Kramer and Kruger, 1936; G r e m e l s ,  1936). According t o  
I. Y e .  Kis in  (1960) , who s tudied  the c o r r e l a t i o n  between changes i n  volume rate 
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Figure 10. Dihydroergotamine blockade ( 1 mg/kg) of t h e  vasocons t r ic tor  
ac t ion  of epinephrine ( 5  pg/kg) on the coronary v e s s e l s .  
Top t o  bottom: resis togram, blood pressure ,  m a r k  of adminis t ra t ion of 
epinephrine,  time mark--5 sec .  a - -e f fec t  of epinephrine before  and 
after i n j e c t i o n  of dihydroergotamine; b--25 min l a t e r ,  start of renewal 
of t h e  vasocons t r ic tor  ac t ion  of epinephrine on the coronary vesse l s .  

of the  coronary flow and myocardial oxygen consumption under the inf luence of 
adrenomimetics, these  drugs a r e  capable of increasing t o  some ex ten t  the in t en ­
s i t y  of the above-mentioned processes ,  even i f  systemic ar ter ia l  pressure i s  
stable. These i m e s t i g a t i o n s  i n d i c a t e  t ha t  the rate of myocardial metabolism 
under the inf luence of adrenomimetic agents may be independent of any changes 
i n  hemodynamics and card iac  a c t i v i t y  t h a t  may take p lace  a t  t h i s  t i m e .  

Gollwitzer-Meier and Kroetz (1940) found tha t  the rate of blood flow under 
t h e  inf luence of epinephrine i s  4 t i m e s  higher i n  experiments on i n t a c t  animals 
and i n  i s o l a t e d  h e a r t  p repara t ions .  These inves t iga to r s  be l ieved  t h a t  i n  i n t a c t  
animals the  increase  i n  volume rate of blood flow af ter  the adminis t ra t ion  of 
epinephrine i s  caused one- th i rd  by ac t ive  d i l a t a t i o n  of the  coronary v e s s e l s ,  
two-thirds by the hemodynamic f a c t o r ,  which i n t e n s i f i e s  pressure i n  t h e  coronary 
arteries and increases  the coronary f low.  

I n  summary, t he  increase  i n  volume r a t e  of t he  coronary flow under the i n ­
f luence of adrenomimetic agents  v a r i e s  with the increase  i n  myocardial oxygen 
consumption. The la t te r ,  i n  t u r n ,  r e s u l t s  from the d i r e c t  in f luence  of these 
substances on t h e  energy processes  i n  the myocardium and from the ensuing 
changes i n  the  hemodynamics of t h e  organism. The increase  i n  coronary flow i s  
i n s u f f i c i e n t ,  however, t o  compensate the myocardial oxygen requirement t h a t  
grows under t h e  inf luence of adrenomimetic agents (Gollwitzer-Meier and Kroetz, 
1940; G r e m e l s ,  1933). Berne (1958) found that  epinephrine and norepinephrine i n  
experiments on the  f i b r i l l a t e d  h e a r t  increased myocardial oxygen consumption 
much more r a p i d l y  than  they d i d  the  rate of coronary flow. The mean increase  i n  
blood flow i n  h i s  experiments w a s  38 percent ,  whereas myocardium oxygen consump­
t i o n  w a s  126 percent  above the  o r i g i n a l  l e v e l .  Under these  condi t ions the  hear t  
n a t u r a l l y  developed hypoxia. I n  i n t a c t  a n i m a l s ,  t h e  increas ing  myocardial oxy­
gen consumption under t h e  inf luence of epinephrine i s  presumably ensured t o  some 
ex ten t  by compensatory hemodynamic mechanisms. 
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The state of the c m d i a c  blood supply undoubtedly varies from case t o  case 
w i t h  t h e  e f f e c t i v e n e s s  of t h e s e  r e g u l a t o r y  hemodynamic inf luences.  These con­
s i d e r a t i o n s  l e d  u s  t o  conj e c t u r e  that  development of the v a s o d i l a t a t i o n  phase 
of epinephrine a c t i o n  might be prevented by  a r t i f i c i a l l y  inc reas ing  t h e  myocar­
d ia l  blood. supply,  i . e . ,  by providing t h e  h e a r t  with s u f f i c i e n t  oxygen. To 
check t h i s  assumption, w e  performed experiments i n  which epinephrine w a s  admin­
i s t e r e d  under t h e  condi t ions of a r t i f i c i a l l y  c r e a t e d  d i f f e rences  i n  the rate of 
the myocardial blood supply. The experiments showed t h a t  t h e  d i l a t a t i o n  phase 
of epinephrine a c t i o n  can be completely prevented by using a perfusion pump t o  
inc rease  t h e  volume of blood e n t e r i n g  the  coronary v e s s e l s .  However, i f  s m a l l  
volumes of blood e n t e r  t he  v e s s e l s ,  the magnitude of d i l a t a t i o n  inc reases  ( f i g .  
11). It i s  c l e a r  from t h e  f i g u r e  t h a t  with a blood flow rate of 5-8 ml/min, 
t h e r e  w a s  a pronounced d i l a t a t i o n  phase. When t h e  f low rate w a s  increased t o  
22.2 ml/min, i n j e c t i o n  of t h e  s a x  dose of epinephrine i n t o  t h e  coronary v e s s e l s  
merely ca i sed  t h e m  t o  c o n t r a c t  ( f i g .  l l c ) .  The d i l a t a t i o n  phase did not  occur.  
The s ta te  of the myocardial blood supply obviously plays a dec i s ive  r o l e  i n  
manifestat ion of the d i l a t a t i o n  phase of t h e  coronary v e s s e l s .  

If condi t ions a r e  c rea t ed  t o  s a t i s f y  the  myocardial requirements f o r  oxygen, 
t h e  coronary v e s s e l s  do not become d i l a t e d .  

Thus, t h e r e  i s  no d m b t  that  development of t h e  vasoconstr ic tor  e f f e c t  
under t h e  in f luence  of epinephrine depends on t h e  i n t e n s i t y  of the  ca rd iac  blood 
supply, i . e . ,  on t h e  e x t e n t  t o  which the myocardial oxygen requirements are 
s a t i s f i e d  . 

Figure  11. E f f e c t  of epinephrine on resis t ,anze 3f t he  coro­
nary v e s s e l s  1 5 t h  d i f f e r e n t  rate of ca rd iac  inI.ood supply. 
a,  b--epinephrine ( 5  pg) i n j e c t e d  i n t o  t!ie cG:.’Oi;a,v‘:f -,resseis 
with blood flowing i n t o  them at a low ra-t,e ( ; I .?  T J / Y ~ : ~ ) .  
Top t o  bottom: blood p res su re ,  perfusion pi’eosur’e ( r 2 s i s t o ­
gram) , mark of adminis t ra t ion of the agent ,  t i m e  maric--> 
see;  e--epinephrine in,)ected i n t o  the cororlar.y v e s s e l s  with 
blood flowing i n t o  them at  a high ra te  (22‘: i a l / : n in ) .  Top 
t o  bottom: perfusion p res su re ,  blood p res su re ,  mark of ad­
m i n i s t r a t i o n  of t h e  agent ,  t i m e  mark--? s ee .  
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This raises t h e  ques t ion  of whether t h e  l e v e l  of myocardial metabolism i s  
t h e  only f a c t o r  i n  d i l a t a t i o n  of t h e  coronary v e s s e l s  under t h e  inf luence of 
adrenomimetic agents  o r  the d i l a t a t i o n  phase i s  due i n  p a r t  t o  t h e  s p e c i f i c  
e f f e c t  of t h e s e  agents  on t h e  adrenergic  s t r u c t u r e s .  To r e so lve  the  m a t t e r ,  w e  
decided t o  perform experiments i n  which epinephrine would be administered f o l ­
lowing a blockade of t h e  adrenergic  s t r u c t u r e s  by dihydroergotamine (1mg/kg) . 
The condi t ions of myocardial blood supply were s e l e c t e d  i n  such a manner t h a t  
d i l a t a t i o n  of the ca rd iac  v e s s e l s  caused by epinephrine would be f a i r l y  pro­
nounced. The r e s u l t s  showed t h a t  dihydroergotamine does no t  prevent t h e  v e s s e l s  
from d i l a t i n g  (through a lowering of t h e i r  r e s i s t a n c e ) .  However, t h e  i n t e n s i t y  
of the vasod i l a to r  e f f e c t  of epinephrine af ter  a blockade of t h e  adrenergic  
s t r u c t u r e s  i s  considerably reduced. This e f f e c t  may a l s o  b e  due t o  decreased 
p a r t i c i p a t i o n  of e x t r a v a s c u l m  f a c t o r s  i n  manifestat ion of t h e  epinephrine 
ac t ion .  There i s  some support  f o r  t h i s  view from t h e  f a c t  t h a t  dihydroergota­
mine blocks t h e  a c t i o n  of epinephrine on blood pressure as w e l l  as on the  
rhythm and f o r c e  of ca rd iac  c o n t r a c t i o n s .  Under t h e s e  condi t ions cardiac work 
does no t  i nc rease  and the  change i n  r a t e  of myocardial metabolism obviously i s  
i n s i g n i f i c a n t .  Thus, t he  inc rease  i n  myocardial oxygen consumption and r e s u l t ­
an t  a c c e l e r a t i o n  of t h e  volume ra te  of t he  coronary blood f low seem t o  be caused 
mainly by t h e  heavier  load placed on t h e  h e a r t  by epinephrine due t o  e l eva ted  
systemic ar ter ia l  p re s su re .  

The above-described observat ions do no t ,  of course,  exclude t h e  p o s s i b i l i t y  
t h a t  t he  inf luence of epinephrine on t h e  adrenergic s t r u c t u r e s  i s  a f a c t o r  i n  
t h e  development of t h e  v a s o d i l a t a t i o n  phase of i t s  ac t ion .  Moreover, adreno­
l y t i c  agents do not block all t he  c e l l  receptors  capable of r e a c t i n g  wi th  e p i ­
nephrine and norepinephrine (Ah lqu i s t ,  1958). However, t he  d i s t i n c t  r e l a t i o n ­
sh ip  noted i n  our experiments between t h e  development of the d i l a t a t i o n  phase of 
t h e  coronary v e s s e l s  and the  condi t ions of t h e  myocardial blood supply supports 
our view t h a t  t h e  main f a c t o r  r e spons ib l e  f o r  d i l a t a t i o n  of t he  coronary v e s s e l s  
under t h e  inf luence of epinephrine i s  t h e  increased r a t e  of myocardial metabo­
l i s m .  Addi t ional  confirmation comes from the  v a r i a b i l i t y  observed i n  the  d i l a ­
t a t i o n  phase and from t h e  lack of a d i r e c t  connection between the i n t e n s i t y  of 
t h e  vasod i l a to r  e f f e c t  and t h e  dose of epinephrine used. Thus, it i s  f a i r  t o  
s ay  t h a t  coronary v a s o d i l a t a t i o n  i s  due not t o  the d i r e c t  a c t i o n  of epinephrine 
b u t  t o  changes i n  myocardial metabolism. 

The ways i n  which changes i n  myocardial biochemical processes  induced by 
epinephrine r e s u l t  i n  r e l a x a t i o n  of coronary smooth muscles i s  a f a i r l y  complex 
matter, one r equ i r ing  s p e c i a l  study. The published d a t a  do not warrant  more 
than a few conjectures  regarding t h e  poss ib l e  underlying mechanism. 

Epinephrine and s i m i l a r  substances are  known t o  induce myocardial hypoxia 
and cause anaerobic breakdown of carbohydrates.  Many i n v e s t i g a t o r s  have noted 
t h a t  t h e  glycogen r e se rves  decrease while t he  l a c t i c  a c i d  concentrat ion o f .  the 
myocardium rises fol lowing t h e  adminis t ra t ion of epinephrine ( Y e .  S .  Rozovskaya,
1941; M .  Y e .  Rayskina, 1951; F i e s c h i ,  1933; Wiecker, 1936; Boque, Evans and 
Gregory, 1937) . Mohme -Lundholm ( 1953) and Lundholm ( 1956) found t h a t  epineph­
r i n e  r e l a x e s  coronary smooth muscles while increasing t h e  l a c t i c  ac id  content .  
Substances t h a t  block t h e  r e l e a s e  of l a c t i c  acid completely prevent t h e  vaso­
d i l a t o r  e f f e c t .  The authors  concluded t h a t  t h e  v a s o d i l a t o r  e f f e c t  of epinephrine 
i s  due t o  t h e  accumulation of l a c t i c  acids  i n  the  c e l l s .  
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O f  i n t e r e s t  i n  t h i s  connection are the observat ions of E l l i s  (1956) who 
noted i n t e n s i f i e d  glycogenolysis i n  a l l  t h e  organs i n  which epinephrine causes 
smooth muscle t o  r e l a x  ( ske le ta l  muscles, h e a r t ,  spleen,  e t c . ) .  Mohme-
Lundholm's hypothesis w a s  c r i t i c i z e d  la ter  because,  according t o  some inves t iga ­
t o r s ,  epinephrine-induced smooth muscle r e l a x a t i o n  i s  accompanied by a d i s t i n c t  
increase i n  t h e  l a c t i c  a c i d  content (Furchgot t ,  1955; Bentley,  1956). 

Burn and Bulbring (1956) and Shanes (19%) found t h a t  epinephrine inc reases  
t h e  q u a n t i t y  of potassium ions i n  t h e  c e l l s .  Shanes assumes t h a t  t h e  products 
of glycogenolysis which accumulate i n  t h e  t i s s u e s  under t h e  inf luence of e p i ­
nephrine are a c i d  and the re fo re  h e l p  t o  inc rease  the concentrat ion of ca t ions  i n  
t h e  c e l l s  ,, mainly of potassium, r e s u l t i n g  i n  a growth of membyane p o t e n t i a l .  It 
i s  evident  from t h e  d a t a  c i t e d  t h a t  t he  mechanism of r e l ax ing  ac t ion  of epineph­
r i n e  on smooth muscle i s  s t i l l  obscure. It should be noted, however, t h a t  t h e  
var ious hypotheses advanced a re  g e n e r a l l y  based on t h e  view t h a t  glycogenolysis 
i s  t h e  main l i n k  i n  t h e  complex chain of r e a c t i o n s  t h a t  lead t o  t h i s  e f f e c t .  
Our observations on t h e  r e l a t i o n s h i p  between t h e  v a s o d i l a t o r  phase of epineph­
r i n e  ac t ion  on the ca rd iac  v e s s e l s  and the  condi t ions of t h e  myocardial blood 
supply are i n  agreement w i t h  t h e s e  ideas. 

I n  summary, it seems t o  be an e s t a b l i s h e d  f a c t  t h a t  epinephrine and norepi­
nephrine have a two-phase e f f e c t  on t h e  ca rd iac  ves se l s :  coronary vasoconstr ic­
t i o n  immediately after adminis t ra t ion followed by d i l a t a t i o n .  Our observat ions 
and some published data suggest t h a t  t he  c o n s t r i c t i o n  phase i s  due mainly t o  t h e  
d i r e c t  inf luence of epinephrine on the adrenergic  s t r u c t u r e s  of t h e  coronary 
v e s s e l s  ,, whereas t h e  d i l a t a t i o n  phase i s  caused by epinephrine-induced changes 
i n  myocardial metabolism. 

Analysis of our own observat ions and of t h e  l i t e ra ture  r e v e a l s  t h a t  t h e  
e f f e c t  of adrenomimetic agents on t h e  coronary c i r c u l a t i o n  as a whole i s  about 
as fol lows.  Immediately a f t e r  epinephrine i s  i n j e c t e d  intravenously,  blood p res ­
su re  r ises  sha rp ly  and ca rd iac  a c t i v i t y  changes. The blood v e s s e l s  of t h e  h e a r t  
and of most of t he  o t h e r  organs respond t o  t h e  drug by e x c i t i n g  the adrenergic 
s t r u c t u r e s ,  which r e s u l t s  i n  vasocons t r i c t ion .  However, t he  h e a r t  i s  placed i n  
a s p e c i a l  s i t u a t i o n .  Despite coronary vasocons t r i c t ion ,  e l eva ted  a o r t i c  p re s ­
su re  may he lp  t o  inc rease  the  volume of blood passing through t h e  v e s s e l s  i n  a 
u n i t  of t i m e .  

Under the  in f luence  of epinephrine the myocardial metabolic ra te  inc reases .  
This e f f e c t ,  r e f l e c t e d  mainly i n  increased myocardial oxygen consumpticn, i s  i n ­
t e n s i f i e d  by t h e  growing amount of cardiac a c t i v i t y .  The cardiac blood supply 
becomes i n s u f f i c i e n t  t o  provide f o r  t h e  myocardial oxygen r e q u i r e s e n t s .  The re ­
s u l t a n t  hypoxia causes an anaerobic breakdown of carbohydrates and an accumula­
t i o n  of glycogenolytic products i n  t i s s u e s .  T h i s  stage i s  c l e a r l y  an important 
l i n k  i n  t h e  chain of r e a c t i o n s  tha t  l e a d  t o  t h e  second phase cf epinephrine 
a c t i o n - - d i l a t a t i o n  of the coronary v e s s e l s .  

I n  the  hea l thy  organism, c o n s t r i c t i o n  of t h e  coronary v e s s e l s  due t o  ep i ­
nephrine has no e f f e c t  on the  ca rd iac  blood supply presumably because it i s  
subjected t o  v a r i e d  and d e l i c a t e  r egu la t ion .  But with a change i n  e l a s t i c i t y  
of t h e  vascular  w a l l ,  when the  capac i ty  of t h e  v e s s e l s  t o  d i l a t e  i s  reduced 



( e  . g . ,  i n  a the rosc l e ros i s )  , the vasocons t r ic tor  component may predominate i n  t h e  
e f f e c t  of t he  adrenomimetics. The hypoxia developing i n  t h e  myocardium then re­
sults i n  marked impairment of i t s  blood supply. This assumption has been con­
firmed by c l i n i c a l  observat ions of epinephrine promoting a t t a c k s  of angina 
p e c t o r i s .  



CHAPTER 2 .  EFFECT OF CHOLINERGIC AGENTS ON TRE CORONARY CIRCULATION 

1. Acetylcholine and Caxbachol 

The e f r e c t  of ace ty l cho l ine  and o the r  cholinomimetic agents on t h e  ca rd iac  
ves se l s  has been ex tens ive ly  inves t iga t ed .  However, n e i t h e r  the na tu re  of t h e  
changes produced i n  t h e  coronary c i r c u l a t i o n  by  t h e s e  substances nor the  p a r t  
played by t h e i r  d i r e c t  inf luence on t h e  coronary v e s s e l s  has  as y e t  been p re ­
c i s e l y  determined. The main reason f o r  t h i s  i s  t h a t  t hey  cause d r a s t i c  changes 
i n  hemodynamics and ca rd iac  a c t i v i t y  which c r e a t e  t e c h n i c a l  d i f f i c u l t i e s  i n  i n ­
v e s t i g a t i n g  t h e  s u b j e c t .  

The l i t e r a t u r e  i s  con t r ad ic to ry .  I n  experiments on i s o l a t e d  h e a r t  prepara­
t i o n s ,  s e v e r a l  i n v e s t i g a t o r s  noted t h a t  acetylchol ine d i l a t e d  the  coronary 
vesse l s  (Wiggers, 1908; Sumbal, 1924; Smi.th, Miller and Graber, 1926).  Other 
i n v e s t i g a t o r s ,  however, found t h a t  it reduced t h e  outflow from the  coronary 
vesse l s  (Epinger and Hess, 1909; Hochrein and K e l l e r ,  1931; K a t z ,  Linder,  
Weinstein, Abramson and Jochim, 1938; A .  N .  Poskalenko, 1948). Some be l i eve  
t h a t  t h e  d i f f e rence  i n  acetylchol ine e f f e c t  i s  due t o  the  concentrat ion of t he  
substance and t o  the  species  of experimental animals used. 

I n  experiments on i n t a c t  animals, most i n v e s t i g a t o r s  noted t h a t  t h e  volume 
r a t e  of t h e  coronary flow increased after adminis t ra t ion of ace ty l cho l ine ,  c a r ­
bachol,  and o the r  cholinomimetic agents (Anrep and S e g a l l ,  1926; Wedd, 1936; 
Wegria, 1937; Essex, Wegria, Herrick and Mann, 1940; Winbury and Green, 1952; 
Schofield and Walker, 1953; Schreiner ,  Berglund, Borst  and Monroe, 1957; Denison 
and Green, 1958). Judging by the r e su l t s  of t hese  i n v e s t i g a t i o n s ,  t he  e f f e c t  
r e g u l a r l y  occurred when s m a l l  amounts of ace ty l cho l ine  were i n j e c t e d  d i r e c t l y  
i n t o  the  coronary v e s s e l s .  But i n  some ins t ances  acetylchol ine decreased the 
coronary flow (Rein,  1931; Wegria, Essex, Herrick and Mann, 1940;Eckenhoff, 
Hafkenschiel and Landmesser, 1947). 

These apparent ly  con t r ad ic to ry  d a t a  w e r e  apparent ly  due t o  the  d i f f e rence  
i n  methods used by t h e  var ious authors .  It i s  a w e l l  known f a c t  t h a t  t h e  rate 
of coronary flow i s  a func t ion  of t h e  i n t e r a c t i o n  of s e v e r a l  f a c t o r s ,  t h e  most 
important being ca rd iac  a c t i v i t y  and blood p res su re  l e v e l .  Changes i n  t h e s e  
f a c t o r s  were the reason f o r  t he  inconsis tency of t he  r e s u l t s  obtained.  For ex­
ample, Arnulf and Buffard (1960) used the method of ar ter iography.  They found 
t h a t  acetylchol ine d i l a t e d  the coronary v e s s e l s .  It i s  c l e a r  from t h e  l i t e r a ­
t u r e  t h a t  a t  each s t a g e  i n  t h e  development of methods, i n v e s t i g a t o r s  were con­
f r o n t e d  with t h e  old and s t i l l  i n s u f f i c i e n t l y  s tud ied  matter of t he  e f f e c t  of 
acetylchol ine and o the r  cholinomimetic agents on t h e  coronary c i r c u l a t i o n .  It 
occurred t o  us t h a t  a comparison of t h e  changes i n  r e s i s t a n c e  of t he  coronary 
vesse l s  and volume r a t e  of t he  coronary f l o w  fol lowing t h e  adminis t ra t ion of 



ace ty l cho l ine  and carbachol might provide f a i r ly  accurate  information about t h e  
e f f e c t s  of t h e s e  drugs on t h e  dynamics of t he  coronary c i r c u l a t i o n .  

We performed two series of experiments. I n  the f i r s t  series w e  recorded 
changes i n  t h e  volume rate of blood flowing from t h e  coronary s inus  a f te r  i n t r a ­
venous i n j e c t i o n  of ace ty l cho l ine  and carbachol.  The r e s u l t s  showed t h a t  ace­
t y l c h o l i n e  i n  a dose of 1 pg/kg g e n e r a l l y  reduced t h e  f low wi th in  1-2 min. 
Moreover, t h i s  decrease coincided w i t h  the  m a x i m u m  lowering of blood pressure 
caused by ace ty l cho l ine .  The e x t e n t  of t h e  decreas'e i n  rate of coronary flow 
w a s  h i g h l y  v a r i a b l e  ( f i g .  1 2 ) .  S t a t i s t i c a l  processing of the d a t a  of 7 expe r i ­
ments revealed t h a t  t h e  decrease i n  outflow averaged 21 f 9.2 percent .  I n  some 
cases  acetylchol ine d i d  no t  reduce t h e  blood flow. It d i d ,  however, increase 
t h e  coronary flow. 

However, as mentioned above, i n  most of t he  experiments, t h e  i n j e c t i o n  of 
acetylchol ine w a s  followed by a decrease i n  t h e  rate of coronary flow, followed 
3-5 min later by an inc rease  amounting t o  26 f 1.6 percent  (when administered i n  
i n  a dose of 1 pg/kg). The e f f e c t  d i d  no t  l a s t  more than 4-5 min. When a c e t y l ­
chol ine w a s  administered i n  l a r g e  doses,  the  decrease i n  r a t e  of blood flow w a s  
more pronounced. For example, i n  a 2 p.g/kg dose it reduced the outflow of 
blood from t h e  coronary s i n u s  33 f 2.8 percent  (mean of 5 experiments).  It 
w i l l  be noted t h a t  t h i s  dose caused sharp hypotension. The phase of increased 
flow under these  condi t ions , however, w a s  l ess  pronounced or absent a l t o g e t h e r .  
I n  t h e  same experiments it averaged 19 f. 1 . 3  pe rcen t .  

Figure 12.  Decrease i n  volume rate of the coronary flow 
af ter  i n j e c t i o n  of acetylchol ine (1 pg/kg) and then i n ­
crease i n  t h e  rate.  
Top t o  bottom: blood pres su re ,  volume rate o f  coronary 
flow ( h e i g h t  of columns--extent of coronary flow i n  15  
sec;  f i g u r e s  above t h e  columns--minute volume of blood 
f l o w ) ,  mark of adminis t ra t ion of t h e  agent ,  t i m e  mark-­
5 see .  
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TABLE 3. EFFECT OF ACETYLCHOLINE AND CARBACHOL ON T�iE VOLUME RATE 
OF THE CORONARY FLOW AND ON BLOOD PRFSSURE. (MEAN DATA I N  PERCENT­
AGES OF TRE ORIGINAL VALUES W I T H  THE STANDARD ERROR) 

Dose Decrease i n  Change i n  blood Inc rease  i n  
Blood p res su re  

during phase 
Agent i n  volume rate p res su re  during rate of increased

of coronary phase of decreased of coronary coronary
pg/kg flow coronary f low flow f low 

Acetylcholine 1 -21 f 9.2 -32 + 3.8 +26 f 1.6 - 6 f 2.6 
2 -33 f 2.8 -38* 2.9 +19 * 1.3 - 7 f 1.8 

Carbachol 1 -28f 4.1 -31 * 6.2 +28 f 6.6 - 5 f 2.5 
2 -29f 4.6 -33 3.9 - -14f 1.7 

~~ 

The r e s u l t s  of the experiments w i t h  carbachol d id  not d i f f e r  i n  p r i n c i p l e  
from those with ace ty l cho l ine .  I n  a 1 pg/kg dose it e l i c i t e d  a two-phase r eac ­
t i o n .  A decrease i n  blood flow, averaging 28 f 4 .1  pe rcen t  of t h e  o r i g i n a l  
l e v e l  i n  6 experiments, gave way t o  an inc rease  averaging 28 f 6.6 percen t .  A 
2 pg/kg dose caused a decrease of 29 f 4.6 percen t  (mean of 6 experiments).  
There w a s  e i ther  no inc rease  i n  the ra te  of blood flow i n  these experiments o r  
it w a s  i n s i g n i f i c a n t .  The r e s u l t s  of the experiments are summarized i n  table 3.  

It i s  evident  from the  t a b l e  t h a t  t h e  phase of decreased volume rate  of 
t h e  coronary f l o v  under the  inf luence of ace ty l cho l ine  and carbachol coincided 
with the maximum lowering of blood p res su re .  The phase of increased coronary 
flow, on t h e  other  hand, coincided w i t h  the pe r iod  when the  hypotension induced 
by the cholinomimetics had almost completely disappeared. Only af ter  adminis­
t r a t i o n  of a 2 yg/kg dose of carbachol,  when hypotension w a s  more pronounced 
and p e r s i s t e n t ,  w a s  there no phase of increased volume rate of t h e  coronary 
flow. 

I n  the  second ser ies  of experiments w e  recorded changes i n  r e s i s t a n c e  of 
t h e  coronary v e s s e l s  af ter  administering ace ty l cho l ine  and carbachol.  The r e ­
s u l t s  showed t h a t  these substances are capable of decreasing t h e  r e s i s t a n c e  of 
the  cardiac v e s s e l s .  For example, acetylchol ine i n  as low a dose as 0 . 5  pg/kg 
decreased it by 10 f 1 . 4  pe rcen t  of t h e  o r i g i n a l  l e v e l  (mean d a t a  of 10 expe r i ­
ments).  When the dose w a s  increased t o  1 pglkg, t h e  decrease w a s  15 f 1.7 pe r ­
cent  (mean data of 10 experiments).  The e f f e c t  d id  n o t  p e r s i s t  more than 2 o r  
3 min. The r e s u l t s  of one of these experiments are presented i n  f i g u r e  13. 

The r e s u l t s  were about the same a f t e r  t h e  admin i s t r a t ion  of carbachol,  
which i n  a dose of 0.5  pg/kg decreased r e s i s t a n c e  by  1-3 f 1.9 percent  of the 
o r i g i n a l  l e v e l  (mean of 5 experiments);  i n  a dose of 1 pg/kg, by 18 f 1.7 pe r ­
c e n t .  I t s  e f f e c t  w a s  longer l a s t i n g  (5-6min).  The r e s u l t s  are presented i n  
t a b l e  4. 

Thus, t h e  r e s u l t s  of the  experiments using t h e  method of r e s i s tog raphy  
showed t h a t  r e s i s t a n c e  of t h e  ca rd iac  v e s s e l s  decreases  fol lowing the  i n j e c t i o n  
of cholinomimetic substances.  
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Figure  13. E f f e c t  of ace ty lchol ine  (1pg/kg) on r e s i s t a n c e  
of t h e  coronary v e s s e l s  and on blood pressure .  
Top t o  bottom: per fus ion  pressure ,  blood pressure ,  mark of 
adminis t ra t ion  of t h e  agent ,  t i m e  mark--? see .  

TABLE: 4. EFFECT OF ACETYLCHOLINE AND CARBACHOL ON RESISTANCE 
OF TRE CORONARY VESSELS AND ON BLOOD PRESSURE. (MEAN DATA I N  
PERCENTAGES OF THE ORIGINAL LEVEL WITH THE STANDARD ERROR) 

No. of Change i n  Change i n  
Agent exper - r e s i s t a n c e  of blood 

iments coronary vesse l s  pres  sure  

Acetylcholine 0.5 
1 

10 
10 

-10 1.4 
-15* 1.7 -30 f 1.8 

-38 f 1.0 
Carbachol 	 0 . 5  5 -13 * 1.9 -34f 4.8 

1 6 -18f 1.7 -43f 5.7 

Since the  i n j e c t i o n  of cholinomimetic substances sharp ly  lowers blood 
pressure and alters ca rd iac  a c t i v i t y ,  a decrease i n  the  ex t ravascular  corpo­
nents  of r e s i s t a n c e  may p lay  a p a s t  i n  t he  reduced r e s i s t a n c e .  A t h i r d  sL.r,ies 
of experiments w a s  performed t o  s tudy t h i s  p o s s i b i l i t y .  I n  these  experiments 
w e  compared the  lowering of r e s i s t a n c e  of t h e  coronary vessels induced by ace­
ty l cho l ine  wi th  changes i n  t h e i r  r e s i s t a n c e  following p a r t i a l  compression of 
t he  i n f e r i o r  vena cava. This method l i m i t s  t he  flow of blood t o  the  h e a r t ,  
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TABLE 5.  CRANGE I N  INTFUVENTR1CUI;AR AND ARTERIAL PRESSURES 
( I N  mm Hg) AND I N  PERFUSION PRESSURE ( I N  PERCENTAGES OF THE 
ORIGINAL LEVEL) FOLLOWING THE ADMINISTRATION OF ACETYLCHO­
LINE AND R E S T R I C T I O N  OF THE FLOW OF BLOOD TO THE HEART. 

Acetylcholine I R e s t r i c t i o n  

40 1 2  
30 4 
28 6 
50 11 

__ 

of blood flow t o  t h e  h e a r t  

Mean, percentage 
of changes i n  pe r -
f u s i o n  p res su re  

8 * 1.9  

S i g n i f i ­
cance 
l e v e l  

p < 0.05 
t = 2.65 
n = 6  

I_ _  

lowers pressure i n  i t s  c a v i t i e s ,  and, as a r e s u l t ,  decreases  the ex t r avascu la r  
component of r e s i s t a n c e .  We r e s t r i c t e d  the  flow of blood t o  t h e  h e a r t  by low­
e r i n g  i n t r a v e n t r i c u l a r  pressure t o  t h e  same e x t e n t  as af ter  the  admin i s t r a t ion  
of ace ty l cho l ine ,  thus enabling us  t o  compare the degree of r educ t ion  i n  perfu­
s ion p res su re ,  i . e . ,  r e s i s t a n c e  of t h e  coronary v e s s e l s .  Pressure i n  t h e  l e f t  
v e n t r i c l e  w a s  recorded w i t h  an e l e c t r i c  manometer. A screw coronary clamp w a s  
used t o  compress the  vein.  The r e s u l t s  of t h i s  series of experiments are shown 
i n  table  5 .  

The i n v e s t i g a t i o n s  showed t h a t  with equal  lowering of p re s su re  i n  t h e  l e f t  
v e n t r i c l e  , r e s i s t a n c e  i n  the  coronary a r t e r i e s  decreased much more s h a r p l y  
a f t e r  the admin i s t r a t ion  of acetylchol ine than a f t e r  compression of t h e  i n f e ­
r i o r  vena cava. Processing of the data r evea led  t h a t  t he  average decrease i n  
coronary r e s i s t a n c e  (4 experiments) af ter  t h e  admin i s t r a t ion  of ace ty l cho l ine  
w a s  more than double t h a t  caused by r e s t r i c t i n g  t h e  flow of blood i n t o  t h e  
heart .  The d i f f e r e n c e  i n  these e f f e c t s  w a s  s t a t i s t i c a l l y  s i g n i f i c a n t  with a 
s ign i f i cance  l e v e l  of p < 0.05. 

It i s  thus f a i r  t o  say  tha t  ace ty l cho l ine  a c t s  d i r e c t l y  on t h e  ca rd iac  
ves se l s  , although t h e  decrease i n  the ex t r avascu la r  components of r e s i s t a n c e  
plays some p a r t  i n  r e a l i z a t i o n  of t h e  e f f e c t .  

Sneoial  experiments showed t h a t  after the admin i s t r a t ion  of a t rop ine  ( 0 . 5 ­
1 mg/;-.)cholinomimetic agents have no e f f e c t  on the  coronary vesse l s  ( f i g .  1 4 ) .  
Thiir,,  d i l a t a t i o n  of t he  ca rd iac  v e s s e l s  i s  due t o  the  s p e c i f i c  ac t ion  of t h e s e  
substances on the m-cholinoreactive s t r u c t u r e s .  These data apparent ly  con t r a ­
d i c t  t he  idea tha t  t h e  vagus nerves do not  take a d i r e c t  p a r t  i n  nervous regu­
l a t i o n  of t h e  ca rd iac  v e s s e l s .  However, according t o  some i n v e s t i g a t o r s ,  t h e  
casdiac ves se l s  may be d i l a t e d  as a r e s u l t  of impulses reaching them along t h e  



cho l ine rg ic  f i b e r s  t h a t  form p a r t  of the  sympathetic nerves.  For example, 
Folkow, Haeger and Uvn& (1948) found t h a t  s t imu la t ion  of t h e  s te l la te  g a n g l i a  
i n  experiments w i th  perfusion of t h e  cardiac v e s s e l s  causes a substance wi th  
the  b i o l o g i c a l  p r o p e r t i e s  of ace ty l cho l ine  t o  appear i n  t h e  per fusa te .  These 
observations ind ica t e  t h a t  t he  sympathetic chol inerg ic  f i b e r s  take  p a r t  i n  regu­
l a t i n g  t h e  blood f l o w  i n  t h e  cardiac v e s s e l s .  This w a s  a l s o  the  conclusion of 
K i s s  and P73ntivanyi (19%) who used the technique of s e l e c t i v e  s t imu la t ion  of 
i n d i v i d u a l  f i b e r s  of the  card iac  sympathetic nerves.  According t o  t h e i r  obser­
v a t i o n s ,  t h e s e  nerves include f i b e r s  of chol inerg ic  na tu re  which t ransmit  vaso­
d i l a t o r  impulses t o  the  coronary vesse l s .  

These data suggest t h a t  t h e  decrease i n  r e s i s t a n c e  of t he  coronary v e s s e l s  
caused by acetylchol ine i s  l i nked  t o  the  f a c t  t h a t  it a c t s  on t h e  cholinoreac­
t i v e  s t r u c t u r e s  which t ransmit  e x c i t a t i o n  from the v a s o d i l a t o r  sympathetic 
f i b e r s  t o  the card iac  v e s s e l s .  There i s  a l s o  another p o s s i b l e  explanat ion.  
Acetylcholine i s  known t o  cause v a s o d i l a t o r  e f f e c t s  i n  those organs whose ves­
sels have been deprived of t he i r  chol inerg ic  innervat ion,  e .g . ,  kidneys and 
s m a l l  i n t e s t i n e  (Hunt, 1918; Bulbring and Burn, 1935). Here, too ,  the  a c t i o n  
of acetylchol ine i s  c h a r a c t e r i s t i c a l l y  blocked by a t ropine  and r e a l i z e d ,  t h e r e ­
f o r e ,  through the  cho l ino reac t ive  s t r u c t u r e s  of the smooth muscles i n  t h e  ves­
s e l s .  Hence, it i s  reasonable t o  be l i eve  t h a t  the  vasod i l a to r  e f f e c t s  of ace­
ty lchol ine  a re  not always due t o  the  presence of s p e c i f i c  vasomotor f i b e r s .  

i n v e s t i g a t i o n s  showed t h a t  acetylchol ine and carbachol a re  capable of 
d i l a t i n g  t h e  coronary v e s s e l s .  However, it w a s  found i n  experiments i n  which 
the  volume r a t e  of the  coronary flow w a s  recorded tha t  t h e  maximum decrease i n  
r e s i s t a n c e  of the  coronary v e s s e l s  gene ra l ly  coincided wi th  the  phase of de­
creased blood flow caused by ace ty lchol ine .  These apparent con t r ad ic t ions  can 
e a s i l y  be reconci led .  Acetylcholine sha rp ly  d i l a t e s  the blood vesse ls  i n  most 
vascular  regions,  causing hypotension. Under t h e s e  condi t ions,  a marked lower­
ing of a o r t i c  pressure may reduce the volume of blood passing through them i n  a 
u n i t  of t i m e ,  desp i te  t he  d i l a t a t i o n  of t he  coronary v e s s e l s .  This w a s  con­
firmed by our observat ions t h a t  ace ty l cho l ine  and carbachol i n  r e l a t i v e l y  low 
doses (which do not s e r i o u s l y  impair hemodynamics and card iac  a c t i v i t y )  only i n ­
crease r a t h e r  than decrease the coronary blood flow. It i s  now easy t o  under­
s tand the  d i f f e r e n c e s  i n  the  e f f e c t s  of acetylchol ine when administered i n  
var ious ways. Most i n v e s t i g a t o r s  who observed a d i s t i n c t  i nc rease  i n  the  rate 
of coronary flow i n j e c t e d  t h e  drugs i n  low concentrat ions d i r e c t l y  i n t o  the 
coronary v e s s e l s  (Essex, Wegria, Herrick and Mann, 1940; Winbury and Green,
1952; Schofield and Walker, 1953; o t h e r s ) .  Under these  condi t ions t h e r e  w e r e  no 
sharp changes i n  hemodynamics t o  modify the  e f f e c t  of ace ty lchol ine .  

When the  dose of a cholinomimetic agent i s  increased,  t he  coronary flow 
c l e a r l y  decreases ,  and t h e  phase of increase becomes l e s s  pronounced and a t  
t i m e s  i s  even absent.  The ensuing hypotension and changes i n  cardiac a c t i v i t y  
r e s u l t  i n  less blood than usua l  passing through the  coronary v e s s e l s  i n  a u n i t  
of t i m e ,  d e s p i t e  t h e i r  d i l a t a t i o n .  

Thus, according t o  our observat ions,  cholinomimetic agents  a f f e c t  the  coro­
nary c i r c u l a t i o n  as fol lows.  Acetylcholine and carbachol i n j e c t e d  intravenously 
d i l a t e  the coronary v e s s e l s .  This e f f e c t  i s  due t o  their  a c t i o n  on the 
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cho l ino reac t ive  s t r u c t u r e s  of t he  ca rd iac  v e s s e l s .  However, owing t o  t h e  marked 
changes t h e s e  substances induce i n  hemodynamics and ca rd iac  a c t i v i t y ,  the myo­
c a r d i a l  blood supply condi t ions may not  improve. The ca rd iac  blood supply w i l l  
obviously inc rease  o n l y  if  t h e  drugs are adminis tered i n  low doses t h a t  do not  
s i g n i f i c a n t l y  change t h e  hemodynamic s i t u a t i o n .  

2.  Atropine 

Atropine has long been used f o r  acute  coronary in su f f i c i ency .  The t h e o r e t ­
i c a l  basis f o r  i t s  c l i n i c a l  use rests on the observat ions of a number of au tho r s  
who found t h a t  t o n i c  vasocons t r i c to r  impulses are t r ansmi t t ed  t o  t h e  coronary 
vesse l s  along the vagus nerve (Morawitz and Zann, 1912; Anrep and S e g a l l ,  1926; 
Rein, 1931-1932; Gollwitzer-Meier and Kruger, 1935). It  i s  j u s t i f i e d ,  t h e r e f o r e ,  
t o  use a t rop ine  t o  block t h e  inf luence of the vagus nerve on t h e  ca rd iac  v e s s e l s .  
But,  as mentioned above, the r ecen t  i n v e s t i g a t i o n s  of authors  who used new t ech ­
niques showed t h a t  t h e  vagus nerve c l e a r l y  does not p a r t i c i p a t e  d i r e c t l y  i n  
nervous r egu la t ion  of the  ca rd iac  v e s s e l s  (Schre ine r  , Berglund, Bors t  and Monroe, 
1957; Denison and Green, 1958; Wang, Blumental and Wang, 1960). 

These data warrant a reconsiderat ion of the  inf luence exe r t ed  by a t rop ine  
on t h e  coronary c i r c u l a t i o n .  There are few re fe rences  t o  t he  sub jec t  i n  the 
l i t e r a t u r e .  For example, Wegria e t  a l .  (Wegria, Essex, Herr ick and Mann, 1940; 
Essex, Wegria, Herr ick and Mann, 1940), who s t u d i e d  the  e f f e c t  of a t rop ine  on 
t h e  volume r a t e  of t he  coronary flow i n  experiments on anes the t i zed  and non­
anesthet ized dogs found t h a t  t h e r e  w a s  a marked inc rease  i n  the coronary flow 
without accompanying changes i n  systemic arterial  pressure af ter  intravenous i n ­
j e c t i o n  of t he  drug. 

Later Essex, Her r i ck ,  Mann and Baldes (1943) found t h a t  denervation of t h e  
hear t  d i d  not block the  a c t i o n  of a t rop ine ,  whereas b i la te ra l  vagotomy d id  so 
completely. S c o t t  and Balourdas (1959) came t o  t h e  same conclusion i n  expe r i ­
ments on dogs i n  which they  recorded the  blood flow in  the  coronary v e s s e l s  
using the  n i t r o u s  oxide method. They found t h a t  a t rop ine  i n t e n s i f i e d  t h e  volume 
r a t e  of t h e  coronary flow as much as b i l a t e ra l  vagotomy. I n  add i t ion ,  tachycar­
d i a  of the  same i n t e n s i t y  developed. 

Nuki (1957) i n v e s t i g a t e d  the  e f f e c t  of s e v e r a l  pharmacological agents ,  i n ­
cluding a t rop ine ,  on t h e  coronary c i r c u l a t i o n ,  using var ious methods: recording 
of t he  coronary inflow with a bubble flowmeter and outflow from the  ca rd iac  ves­
s e l s  i n  i n t a c t  animals,  i n  t h e  hear t - lung p repa ra t ion ,  and on t h e  i s o l a t e d  h e a r t .  
According t o  h i s  data, a t rop ine  i n  doses of 0.12-0.15 mg/kg i n  experiments on 
i n t a c t  c a t s  increased the volume r a t e  of t h e  coronary flow only s l i g h t l y  and i n  
experiments on the  i s o l a t e d  heart had v i r t u a l l y  no e f f e c t  on the outflow from 
t h e  coron'ary v e s s e l s .  M.  S .  Vovsi (1957) p re sen t s  d a t a  obtained i n  h i s  labora­
t o r y  by Ye.. B .  Novikova, who observed t h a t  a t ropine i n  experiments on c a t s  pro­
voked no d i s t i n c t  changes i n  t h e  coronary f low that could be recorded w i t h  a 
bubble flowmeter . 

Analysis of the l i t e r a t u r e  r e v e a l s  t h a t  an inc rease  i n  t h e  volume rate of 
t he  coronary flow under t h e  inf luence of a t rop ine  i s  more pronounced i n  dogs 



t h a n  i n  c a t s ,  apparent ly  because the  vagus nerves i n  the  former have a higher  
tone.  

It i s  ev iden t  from the  d a t a  ci . ted t h a t  t he  information i n  the  literature 
on a t ropine  i s  not  of a systematic  charac te r .  Yet a study of i t s  e f f e c t  on the 
card iac  blood supply i s  valuable  not  on ly  i n  e l u c i d a t i n g  i t s  mechanism of ac­
t i o n  b u t  i n  using it prope r ly  i n  the  c l i n i c .  

W e  performed two s e r i e s  of experiments, one t o  record the volume rate of 
the coronary flow, t h e  other  t o  determine the  r e s i s t a n c e  of the  coronary ves­
sels. We hoped that  a comparison of the  changes i n  the vasious parameters 
governing t h e  myocardial blood supply would enable us  t o  gain a deeper i n s i g h t  
i n t o  t h e  e f f e c t  of a t ropine  on the  coronary c i r c u l a t i o n .  The experiments demon 
s t r a t e d  t h a t  a t ropine i s  capable of increasing the volume r a t e  of t he  coronary 
flow. When i n j e c t e d  i n  a dose of 0.5 mg/kg, t he  rate increased s l i g h t l y  (7-10 
percent  above the  o r i g i n a l  l e v e l ) ;  when i n j e c t e d  i n  a dose of 1-2 mg/kg, the  
r a t e  rose  t o  12-20 percent .  S t a t i s t i c a l  processing of the experiments i n  which 
a 1 mg/kg dose w a s  used showed t h a t  the increase  i n  volume rate of blood flDw 
i n  t h e  card iac  v e s s e l s  averaged 13 f 3.8 percent i n  8 experiments. A f u r t h e r  
boost i n  the dose had no e f f e c t .  

Blood pressure w a s  l i t t l e  a f f e c t e d  by a t ropine .  The changes averaged
4 f 2.7 percent i n  8 experiments a f t e r  a dose of 1 mg/kg. 

Study of the e f f e c t  of a t ropine on the r e s i s t a n c e  of the cardiac v e s s e l s  
showed tha t  the  drug had l i t t l e  e f f e c t .  I n  doses of 0 .5-1 mg/kg it decreased 
r e s i s t a n c e  only by 7-10 percent  of the o r i g i n a l  l e v e l .  I n  a dose of 1 mg/kg 
the  decrease i n  r e s i s t a n c e  averaged 7 f 1 percent i n  8 experiments. 

Thus, we concluded tha t  a t ropine has but  a s l i g h t  e f f e c t  on t h e  card iac  
blood supply. It increases  the volume r a t e  of the coronary flow and weakens 
the  tone of the  coronary v e s s e l s ,  bu t  does not s i g n i f i c a n t l y  change the l e v e l  
of systemic a r t e r i a l  p ressure .  Table 6 presents  the data of both s e r i e s  of 
experiments w i t h  a t rop ine .  

To determine whether the  decrease i n  r e s i s t a n c e  of the  coronary v e s s e l s  
caused by atropine i s  due t o  i t s  d i r e c t  ac t ion  on the  coronary v e s s e l s  or  t o  
e l imina t ion  of the e f f e c t s  of the  vagus nerves ,  we performed experiments i n  
which at ropine w a s  i n j e c t e d  (1mg/kg) a f t e r  b i l a t e r a l  vagotomy. Under these  
condi t ions a t ropine  had no e f f e c t  on the  coronary vesse l s .  We obtained s i m i l a r  
r e s u l t s  i n  experiments i n  which we recorded the  volume r a t e  of the  coronary 
flow. I n  only a few experiments w a s  t he re  a decrease i n  the flow and it w a s  
p a r a l l e l e d  by a drop i n  blood p res su re  t h a t  ev iden t ly  r e s u l t e d  from it ( f i g .  
15c)  * 

The r e s u l t s  of our experiments a r e  c o n s i s t e n t  with t h e  observat ions of 
Essex e t  a l .  (1940) and those of S c o t t  and Balourdas (1959). There can be no 
doubt, theref  o re ,  t h a t  a t ropine  increases  the myocardial blood supply by e l imi­
na t ing  t h e  inf luence of t h e  vagus nerves on the  h e a r t .  It does not fol low,  
however, t h a t  i t s  e f f e c t  i s  due t o  d i l a t a t i o n  of t h e  coronary v e s s e l s  owing t o  
t h e i r  l i b e r a t i o n  from t h e  vasocons t r i c to r  impulses of t h e  vagus nerves.  
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Figure 14. Blocking wi th  a t ropine  (1mg/kg) of d i l a t i n g  ac t ion  
of acyetyline ( 1 pg/kg) on coronary v e s s e l s .  
From t o p  t o  bottom:. per fus ion  pressure  ( resis togram) ,blood 
pressure ,  i n t roduc t ion  of substance,  t i m e - - 5  sec .  

TABU 6. EFFECT OF ATROPINE ON THE VOLUME RATE OF TEE CORONARY FLOW, 
RESISTANCE OF TKE CORONARY VESSELS, AND BLOOD PRESSURE. (MEAN DATA 
I N  PERCENTAGES OF TKE ORIGINAL VALUES W I T H  THE STANDARD ERROR) 

Change i n
Dose volume rate Change i n  Change i n  

Agent i n  r e s i s t a n c e  of blood 
mg/kg 

of coronary 
coronary vessels p re s  sureflow 

-. -
Atropine 1 +13 f 3.8 -7f 1 -4 - 2.7 

+4.4 - +21.6l -10.8- -3.21 -14.2 - +6.2l 
_ _  . ­

lconfidence l i m i t s .  

S c o t t  and Balourdas (1960) convincingly showed t h a t  t h e  increase  i n  rate 
of coronary flow caused by a t ropine  and vagotomy i s  t h e  r e s u l t  of t he  acce le r ­
a t ed  rate of card iac  cont rac t ions  t h a t  develops i n  both  cases .  They found t h a t  
t h e r e  w a s  no increase  i n  t h e  rate of the  coronary flow i n  dogs wi th  a chronic 
a t r i o v e n t r i c u l a r  b lock  of the card iac  conduction system i n  which a t ropine  d i d  
not acce le ra t e  the  rate of v e n t r i c u l a r  cont rac t ions .  They obtained similar 
d a t a  i n  experiments on vagotomized dogs. 

It i s  a known f a c t  t h a t  an increase  i n  t h e  card iac  rate causes an increase  
i n  the  volume rate of t h e  blood flow i n  the  coronary vesse l s  (Laurent,  Bolene-
W i l l i a m s  and Katz, 1956; Maxwell, C a s t i l l o ,  White, Crumpton and Rowe, 1958; 
Gorl in ,  19%; S c o t t  and Balourdas, 1959). Laurent e t  a l .  showed t h a t  t he  i n ­
crease i n  volume rate of the coronary flow during acce le ra t ion  of ca rd iac  a c t i v ­
i t y  i s  caused by i n t e n s i f i e d  myocardial metabolism, s p e c i f i c a l l y ,  by increased  
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Figure  15. E f f e c t  of a t ropine  (1mg/kg) on t h e  volume rate 
of t he  coronary flow under normai condi t ions (a)  and af ter  
bi la teral  vagotomy ( b  and c )  . 
b--Absence of changes i n  t h e  coronary flow and i n  blood 
pressure  after i n j e c t i o n  of a t ropine  fol lowing vagotomy; 
c--decrease i n  volume rate of t he  coronary flow and lower­
ing  of blood pressure after i n j e c t i o n  of a t ropine  fol lowing 
vagotomy. Ordinate:  t o p  graphs, blood pressure  i n  mm Hg; 
bottom graphs,  volume ra te  of t h e  coronary flow i n  ml/min. 
Abscissa,  t i m e  i n  min. 

myocardial oxygen consumption. By blocking the  t ransmission of e x c i t a t i o n  from 
the vagus nerves t o  the hear t ,  a t ropine  acce le ra t e s  the card iac  rate, which re­
s u l t s  i n  an increased volume rate of the blood flow i n  the card iac  ves se l s .  

I n  sumrmry, a t ropine  i s  capable of s l i g h t l y  increas ing  t h e  card iac  blood 
supply. I n  our experiments t h i s  e f f e c t  w a s  not  too pronounced. It v a r i e s  w i t h  
the tone of the vagus nerves.  The e f f e c t  of a t ropine ,  which i s  dependent on 
the  e l imina t ion  of vagus inf luence on card iac  a c t i v i t y ,  i s  apparent ly  due t o  
i n t e n s i f i c a t i o n  of myocardial metabolism and r e s u l t a n t  acce le ra t ion  of the  ca r ­
d iac  rate.  Thus, a t ropine  has no d i r e c t  e f f e c t  on the h e a r t  and the changes 
tha t  it br ings  about i n  the myocardial blood supply are secondary t o  i t s  acce l ­
e r a t i o n  of t he  cardiac rate.  

I n  using a t ropine  i n  t h e  c l i n i c ,  it seems t o  us t h a t  one should take i n t o  
account t h e  mechanism by which it increases  the  card iac  blood supply because 
t h e  i n t e n s i t y  of i t s  e f f e c t  i s  d i r e c t l y  r e l a t e d  t o  increase  i n  the card iac  rate.  
The c l i n i c a l  e f f ec t iveness  of a t ropine  i n  t r e a t i n g  coronary d i so rde r s  may w e l l  
be due t o  i t s  capac i ty  t o  i n h i b i t  r e f l e x  inf luences on t h e  h e a r t  mediated by 
the  vagus nerves.  
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CEFAPTEX 3. E F F E C T  OF GANGLION-BLOCKING AGENTS 
ON THE CORONARY CIRCULATION 

Agents t h a t  block t h e  t ransmission of e x c i t a t i o n  i n  the  autonomic gangl ia  
are now widely used i n  the  t reatment  of hypertension and d i so rde r s  of t he  
pe r iphe ra l  c i r c u l a t i o n .  An unusual ly  l a r g e  place i s  accorded the  s tudy  of t h e  
hypotensive a c t i o n  of these agents i n  the  ex tens ive  l i t e r a t u r e  dea l ing  w i t h  
t h e i r  pharmacology and c l i n i c a l  aspec ts .  According t o  the  preva len t  ideas ,  t h e  
mechanism of ac t ion  of t hese  drugs i s  f a i r l y  complex, with a number of f a c t o r s  
involved. The t ransmission of e x c i t a t i o n  t o  c o n t r a c t i l e  elements of t h e  blood 
vesse ls  i s  inh ib i t ed  by  a block of t he  sympathetic gangl ia ,  r e s u l t i n g  i n  vaso­
d i l a t a t i o n  (Paton,  1951, 1952; Gilmore, Kopelman, e t  al., 1952; Moyer e t  al., 
1952; Moyer, Miller and Ford, 1953; F r e i s ,  Rose, e t  al., 1953; o ther ' s ) .  

However, t h i s  mechanism i s  not  the only one involved i n  the complex hemo­
dynamic changes t h a t  take place i n  the  organism following the  adminis t ra t ion  of 
ganglion-blocking agents .  The la t ter  gene ra l ly  reduce the cardiac output  con­
s iderably .  This w a s  t h e  b a s i s  f o r  t h e  view that the  hypotensive a c t i o n  of t h e  
ganglion-blocking agents  i s  r e l a t e d  more t o  the  decrease i n  card iac  a c t i v i t y  
than  t o  the lowering of per iphera l  r e s i s t a n c e  of the blood vesse ls  (Werko,
1951; F r e i s  e t  al . ,  1953). There i s  a l s o  some evidence t h a t  t he  gang l io ly t i c s  
are capable of i n h i b i t i n g  t h e  vasomotor cen te r  ( P .  P .  Denisenko, 1953). 

Many inves t iga to r s  a t t ach  considerable  s ign i f icance  i n  t h e  mechanism of 
t he  hypotensive e f f e c t  of the  ganglion-blocking agents t o  t h e  reduct ion  i n  
venous flow t o  the  h e a r t  caused by decreased venous tone (Res t a l l  and Smirk, 
1952; Jams, Coulter  and Saunders, 1953; Smith and Hoobler, 1956). The decrease 
i n  venous flow i s  the  reason f o r  t he  va r i ab le  i n t e n s i t y  of hypotension i n  rela­
t i o n  t o  bodi ly  pos i t i on  following the  ac t ion  of these  drugs. Moreover, the  
mechanism of hypotensive e f f e c t  v a r i e s  from drug t o  drug. For example, hexa­
methonium and pentamine (methylaminodiethylene b i s  ethyldimethyl ammonium bro­
m i d e )  c l e a r l y  lower blood pressure c h i e f l y  by reducing the pe r iphe ra l  res is t ­
ance of the blood vesse l s .  

The changes t h a t  t h e  drugs induce i n  cardiac a c t i v i t y  p l ay  a smaller  p a r t  
(Raki ta  and Sance t ta ,  1953; Moyer and Handley, 1955). Pentolinium, on the  
other  hand, has  no s i g n i f i c a n t  e f f e c t  on t h e  pe r iphe ra l  r e s i s t ance  of t he  
ar ter ies ,  bu t  it sharply decreases venous tone (Smith and Hoobler, 1956). 
Marked changes take  p lace  i n  hemodynamics under the inf luence of ganglion-
blocking agents .  A new l e v e l  of blood supply i s  e s t ab l i shed  i n  the organs and 
systems of the body. 

W e  shal l  not go i n t o  d e t a i l  on t h e  changes i n  the  blood supply of d i f f e r ­
e n t  organs following t h e  adminis t ra t ion of ganglion-blocking agents because t h e  
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s u b j e c t  i s  sys t ema t i ca l ly  reviewed i n  Aviado's a r t i c l e  (1960). W e  should l i k e  
t o  po in t  out t h a t  a n a l y s i s  of t h e  a v a i l a b l e  d a t a  on t h e  hemodynamic e f f e c t s  of 
t h e  g a n g l i o l y t i c s  r e v e a l s  t h a t  t hey  reduce the volume rate of t h e  blood flow i n  
most vascular  regions (kidneys,  abdomen, b r a i n )  (Ford, Moyer and Spur, 1953; 
Moyer e t  a l . ,  1956; Crumpton, Rowe, Capps, Whitmore and Murphy, 1955). 

The v e s s e l s  i n  t h e  extremities are an exception i n  t h a t  t h e  blood flow 
t h e r e  g e n e r a l l y  a c c e l e r a t e s  (Boobler , Neligh, Moe, Malton, Cohen, Ba l l an t ine  
and Lyons, 1945; Slaughter ,  Brown and W a k i m ,  1948; FTeis ,  Rose, Partenope, 
Higgins, Ke l ly ,  Schaper and Johnson, 1953; o t h e r s ) .  For t h i s  reason t h e  
ganglion-blocking agents are widely used i n  the  t reatment  of c i r c u l a t o r y  d i s ­
orders  i n  t h e  e x t r e m i t i e s .  Calculat ion of changes i n  vascular  r e s i s t a n c e  i n  
d i f f e r e n t  organs a f te r  adminis t ra t ion of t hese  drugs showed t h a t  it decreases 
somewhat i n  t h e  c e r e b r a l  and ca rd iac  v e s s e l s  b u t  remains unchanged i n  t h e  ves­
s e l s  of t he  splanchnic region and e x t r e m i t i e s .  

Of obvious s ign i f i cance  i n  d i s t r i b u t i o n  of t h e  blood supply between the 
various vascular  regions i s  not  only t h e i r  l i b e r a t i o n  from vasoconstr ic tor  i m ­
pu l se s  b u t  l o c a l  hemodynamic r e g u l a t i o n  of t h e  blood supply of t he  ind iv idua l  
organs. This i s  proved by the f a c t  t h a t  a decrease i n  the vasocons t r i c to r  tone 
by the g a n g l i o l y t i c s  i n  those vascular  regions where it i s  most pronounced does 
not always cause t h e i r  blood supply t o  inc rease .  

It  i s  evident  from t h e  foregoing d a t a  t h a t  t he  blood supply of t he  various 
organs under t h e  inf luence of ganglion-blocking agents i s  a f a i r l y  complicated 
s u b j e c t ,  one t h a t  r e q u i r e s  d e t a i l e d  s tudy.  For example, t h e r e  can be no doubt 
t h a t  t h e  complex chain of processes s e t  i n  motion by these  drugs p r imar i ly  af­
f e c t s  the cardia: c i r c u l a t i o n .  The s ta te  of t h e  myocardial blood supply i s  
p a r t i c u l a r l y  important because impairment; of t he  coronary c i r c u l a t i o n  i s  gener­
ally associated with hypertension,  which i s  o f t e n  t r e a t e d  with these  drugs.  
But t he  avai l ah l e  experimental  and c l i n i c a l  data are not systematic .  

It  i s  d i f f i c u l t  to g e t  a c l e a r  i d e a  about t he  e f f e c t  of t he  substances on 
t h e  myocardial blood supply from t h e  s c a t t e r e d  references i n  t h e  l i t e r a t u r e .  
For example, Acheson a n d  Moe (1945) found t h a t  tetraethylammonium improved c a r ­
d i ac  e f f i c i e n c y  i n  the  hear t - lung p repa ra t ion ,  but i n  experiments on i n t a c t  
a n i m a l s  it produced EKG changes i n d i c a t i v e  of a d e t e r i o r a t i o n  of the blood sup­
p l y  and r e f l e c t e d  i n  compression of the S-T segment. According t o  H i l l  and 
coauthors (1949), adminis t ra t ion of tetraethylammonium t o  dogs with t h e  cardiac 
blood supply impaired by l i g a t i o n  of t h e  l e f t  coronary a r t e r y  had no s i g n i f i ­
cant  e f f e c t  on t h e  condi t ion of t h e  animals and EKG dynamics. 

Hexamethonium has been more thoroughly s tud ied  i n  t h i s  r e s p e c t .  Murphy 
e t  a l .  (Murphy, O'Brien,  Rennie, Capps, Rowe and Crumpton, 1953) inves t iga t ed  
i t s  e f f e c t  on t h e  volume rate of t he  coronary flow, cardiac ou tpu t ,  and myocar­
d i a l  oxygen consumption i n  normal dogs and dogs with experimental  hypertension. 
They found t h a t  t h e  coronary flow and ca rd iac  output w e r e  somewhat reduced by 
hexamethonium, bu t  myocardial oxygen consumption sca rce ly  changed. Under t h e  
condi t ions of hypertension, t h e  r e s u l t s  were s i m i l a r  t o  t h e s e  except t h a t  
hypertension induced by  the drug w a s  mol-e pronounced. 



However, according t o  Crumpton e t  al. (1954), hexamethonium increased  the  
coronary flow b u t  decreased the r e s i s t a n c e  of the card iac  ves se l s .  A. A. Belous 
and G .  0. Magakyan (1957) used hexamethonium t o  treat coronary in su f f i c i ency  i n  
monkeys. They found t h a t  t h e  drug improved the EKG d a t a  and the  animals '  
genera l  condi t ion.  

There is a l s o  some information on mecamylamine. Rowe e t  a.l. (Rowe, 
C a s t i l l o ,  Maxwell, White, Freeman and Crumpton, 1958) found t h a t  mecamylamine i n  
doses of 0.5-1 mg/kg reduced the  volume rate of t he  coronary flow, t h e  e f f e c t  
being accompanied by gradual ly  increas ing  hypotension. Myocardial oxygen con­
sumption and card iac  output  d id  not  change. Calcu la t ion  of coronary r e s i s t a n c e  
from these  experiments showed t h a t  it w a s  increased  by the  adminis t ra t ion  of 
mecamylamine . 

Ganglerone (1,2-aimethyl-3-diethylaminopropylp-isobutoxybenzoate hydro­
chlor ide)  w a s  another ganglion-blocking agent i nves t iga t ed .  According t o  R .  A. 
Aleksanyan (1959), t h e  drug has a b e n e f i c i a l  e f f e c t  on the coronary c i r c u l a t i o n  
by increasing the  volume rate of t h e  blood flow. 

It i s  evident  from t h i s  b r i e f  review of the l i t e r a t u r e  t h a t  t h e  r e s u l t s  of 
experimental i nves t iga t ions  dea l ing  with t h e  e f f e c t  of ganglion-blocking agents  
on the  coronary c i r c u l a t i o n  are q u i t e  cont rad ic tory .  Equal ly  ambiguous and 
var ied  are t h e  materials on the  e f f ec t iveness  of gang l io ly t i c s  aga ins t  coronary 
d isorders .  

Some authors  r epor t  on the  favorable  r e s u l t s  obtained by using t e t r a e t h y l ­
ammonium (TEA) f o r  coronary c i r c u l a t o r y  d i so rde r s .  For example, Chr i s ty  (1949) 
noted t h a t  it g r e a t l y  helped p a t i e n t s  with coronary in su f f i c i ency  and improved 
the  EKG ind ices  when used over a per iod of a year .  Lyons e t  a l .  (Lyons, Moe, 
N e l i g h ,  Hoobler, e t  a l . ,  1947) found t h a t  t h e  drug markedly r e l i eved  pa in  i n  
coronary thrombosis. Y e .  V .  Er ine (1958) states t h a t  hexamethonium i s  benef i ­
c i a l  f o r  p a t i e n t s  with hypertension. 

The drug has a l so  been found h e l p f u l  i n  improving the EKG of p a t i e n t s  with 
hypertension accompanied by cardiac in su f f i c i ency  (Schroeder,  1952; Moyer, 
Miller and Ford, 1953; S ieber ,  Grimson and Orgain, 1953; Wyman e t  a l . ,  1953). 
However, t h e r e  are a l s o  r e p o r t s  t h a t  t he  use of gang l io ly t i c s  may cause card iac  
complications.  For example, Judson, Hollander,  e t  al. (1956) found t h a t  the  
adminis t ra t ion of hexamethonium and pentolinium sometimes produced angina pec­
t o r i s  i n  persons with coronary d isease .  The authors  th ink  t h a t  these complica­
t i o n s  were due t o  a sharp drop i n  blood pressure  and r e s u l t a n t  i n su f f i c i ency  of 
t h e  cardiac blood supply. 

Lindgren and F r i s k  (1948) s tudied  t h e  e f f e c t  of TEA on t h e  EKG and general  
condition of p a t i e n t s  w i t h  coronary a the rosc l e ros i s .  They found t h a t  it caused 
a marked d e t e r i o r a t i o n  i n  t h e i r  condi t ion along with anginal  a t t acks .  

It i s  evident  from t h e  foregoing data t h a t  ganglion-blocking agents  have 
been l i t t l e  inves t iga t ed  i n  the r e spec t  of i n t e r e s t  t o  us .  It i s  impossible t o  
ge l  any c l e a r  i dea  from them on t h e  na ture  of t h e  e f f e c t s  of t he  group as a 
whole on the  coronary c i r c u l a t i o n  o r  on the  mechanism of a c t i o n  of t h e  ind iv id­
u a l  drugs.  
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W e  decided t o  i n v e s t i g a t e  f i v e  of these  agents--nicot ine,  tetraethylammo­
nium, hexamethonium, pentamine and mecamylamine. Since n i co t ine  has some un­
usua l  c h a r a c t e r i s t i c s  (two-phase a c t i o n  on the  autonomic gangl ia  and unsui t ­
a b i l i t y  for c l i n i c a l  u s e ) ,  it i s  descr ibed i n  a s p e c i a l  s ec t ion .  W e  performed 
two series of experiments, recording i n  one changes i n  t h e  volume rate of t h e  
coronary flow under the inf luence  of these drugs and recording,  i n  the o the r ,  
t h e  r e s i s t a n c e  of the ca rd iac  ves se l s .  

1. Nicot ine 

Nicot ine i s  r i g h t l y  c a l l e d  t h e  c l a s s i c a l  ganglion-blocking agent.  
Langley's discovery (Langley and Dickinson, 1889) of the ganglion-blocking 
p rope r t i e s  of n i co t ine  i n i t i a t e d  research  on substances capable of i n t e r f e r i n g  
w i t h  t h e  t ransmission of e x c i t a t i o n  i n  the  autonomic gangl ia .  Nicot ine i s  not  
used i n  the c l i n i c  because i t s  blocking ac t ion  on the gangl ia ,  manifested only 
when administered i n  l a r g e  doses ,  i s  preceded by a pronounced phase of e x c i t a ­
t i o n  of the n-chol inoreact ive s t r u c t u r e s .  Moreover, it has h igh ly  d iverse  
e f f e c t s  on d i f f e r e n t  systems of the organism, another f a c t o r  that  m i l i t a t e s  
aga ins t  i t s  c l i n i c a l  use.  

The inf luence of n i co t ine  on the myocardial blood supply i s  of i n t e r e s t  i n  
two r e spec t s .  F i r s t ,  changes i n  r e s i s t a n c e  of the coronary vesse l s  produced by 
n i co t ine  are use fu l ,  owing t o  i t s  diphase e f f e c t  on t h e  gangl ia ,  i n  judging the 
mechanism of ac t ion  of ganglion-blocking agents on the card iac  ves se l s .  Sec­
ondly, t he re  i s  the very p r a c t i c a l  m a t t e r  of t he  r o l e  of smoking i n  the o r ig in  
and c l i n i c s 1  symptoms of angina p e c t o r i s .  

It i s  a w e l l  known f a c t  tha t  smoking s t imula tes  a t t acks  i n  p a t i e n t s  wi th  
angina pector , is  (Moschowitz, 1928; White and Scharder,  1934; o t h e r s ) .  Bryant 
and Wood (1947) found that  smoking by such persons may b r ing  on a t t acks  during 
which t h e r e  are EKG changes r e f l e c t i n g  diminished amplitude of the T wave and 
occurrence of v e n t r i c u l a r  e x t r a s y s t o l e s .  These changes are c h a r a c t e r i s t i c  of 
an impaired myocardial blood supply. Several  authors  i nves t iga t ed  smoking as a 
t e s t  f o r  determining func t iona l  impairment of the  coronary c i r c u l a t i o n .  For 
example, H .  Mandelbaum and R .  Mandelbaum (1952),  Henderson (1953) and Davis 
e t  a l .  (1956) found tha t  smoking can be used t o  d e t e c t  c i r c u l a t o r y  d i so rde r s  on 
the ba l l i s tocard iogram when o ther  tes ts  a re  nega t ive .  

There have been a g r e a t  many s t u d i e s  deal ing w i t h  the  e f f e c t  of n i co t ine  
on the cardiovascular  system. Intravenous i n j e c t i o n  of the substance produces 
hypertension,  t he  mechanism of ac t ion  of which i s  s t i l l  obscure. It i s  d i f f i ­
c u l t  t o  say whether the e l eva t ion  of blood pressure i s  due s o l e l y  t o  e x c i t a t i o n  
of t h e  gangl ia  because the in t roduct ion  of n i co t ine  i n t o  t h e  body c r e a t e s  con­
d i t i o n s  tha t  may i n d i r e c t l y  promote the  development of hypertension,  e .g . ,  i n ­
t e n s i f i e d  s e c r e t i o n  of epinephrine by the  adrena ls ,  r e s u l t i n g  i n  a higher  l e v e l  
of the hormone i n  the c i r c u l a t i n g  blood (Van Slyke and Lawson, 19%; Beauvallet  
and Fugazza, 1956; K i s e r ,  Booher and Watts, 1958). 

Nico t ine ' s  ac t ion  on the vasomotor center  may a l s o  p l a y  a p a r t  i n  the 
development of hypertension.  Some inves t iga to r s  found t h a t  it has a d i r e c t  



vasocons t r i c to r  e f f e c t .  For example, Haimovici and Pick (1946) and Haimovici 
(1948) showed i n  experiments on t h e  p repa ra t ion  of an i s o l a t e d  vascu la r  bed i n  
t h e  f r o g  l e g  t h a t  n i c o t i n e  c o n s t r i c t s  t h e  blood vessels even af ter  t h e  g a n g l i a  
are blocked by tetraethylarmnonium. However, it w a s  la ter  discovered t h a t  t h i s  
e f f e c t  i s  due t o  t h e  f a c t  t h a t  norepinephrine i s  released from t h e  chromaffin 
c e l l s  embedded i n  vascu la r  t i s s u e s  (Kottegoda, 1953; Burn, Leach, Rand and 
Thompson, 1959). Nrlcotine induces very sharp changes i n  ca rd iac  a c t i v i t y .  The 
bradycardia  tkiat immediately follows i t s  admin i s t r a t ion  as a r e s u l t  of e x c i t a ­
t i o n  of t he  parasympathetic gang l i a  and vagus nerve cen te r  gives  way t o  tachy­
c a r d i a  and then  arrhythmia. 

According t o  t h e  many i n v e s t i g a t o r s  who s tud ied  the  e f f e c t  of n i c o t i n e  on 
cardiac a c t i v i t y ,  t h e  nature  of t h e  r e s u l t a n t  EKG changes suggests  the  onse t  of 
myocardial hypoxia (Von Ahn, 1954; K e l l i  e t  a l . ,  1954; Kien, Lasker and 
Scherrod, 1958; o t h e r s ) .  Experimental d a t a  confirm the  numerous c l i n i c a l  ob­
se rva t ions  whereby.the pain tha t  arises i n  t h e  h e a r t  during smoking i s  caused 
by the EKG changes c h a r a c t e r i s t i c  of impaired coronary c i r c u l a t i o n  (Cornwall, 
1934; Bryant and Wood, 1947; H .  Mandelbaum and R .  Mandelbaum, 1952; Russek, 
Zohman and Dorset,  1955). 

Thus, EKG observat ions i n d i c a t e  t h a t  n i c o t i n e  impairs t he  myocardial blood 
supply apparent ly  by c o n s t r i c t i n g  the coronary v e s s e l s .  However, i n  recording 
the volume rate of t h e  blood flow i n  t h e  ca rd iac  ves se l s ,  most i n v e s t i g a t o r s  
noted a pe rcep t ib l e  inc rease  fol lowing the adminis t ra t ion of n i co t ine  (Mansfeld 
and Hecht, 1933; D i e t r i c h  and Schimert, 1939; Schmitthenner, Reigel  and 
Hafkenschiel ,  1956). Cons t r i c t ion  of t he  coronary v e s s e l s  under t h e  inf luence 
of n i co t ine  w a s  observed only by those i n v e s t i g a t o r s  who performed experiments 
on the  i s o l a t e d  hear t  (Meyer, 1912; Morawitz and Zahn, 19i4; Romm and*Kuschnir, 
1928). 

Kien, Lasker and Scherrod (1938) s tud ied  the mechanism of ac t ion  of nico­
t i n e  on t h e  myocardial blood supply. They found t h a t  t h e  drug increased the 
rate of blood flow because of hypertension and i n t e n s i f i e d  cardiac output .  
the  experiments i n  which hypertension w a s  not pronounced, the  coronary flow re-

I n  

mained more o r  less unaffected.  However, myocardial oxygen consumption d i d  not  
r i se  i n  a l l  t h e  experiments i n  which ca rd iac  a c t i v i t y  increased.  I n  f a c t ,  i n  
some ins t ances  t h e r e  w a s  a temporary decrease i n  oxygen consumption immediately 
a f t e r  t he  drug w a s  used. Since the  development of EKG changes i n d i c a t i v e  of 
d e t e r i o r a t i o n  i n  the  ca rd iac  blood supply coincided with decreased myocardial 
oxygen consumption, the authors be l i eve  t h a t  t h e  phenomenon w a s  due t o  t h e  
coronary c i r c u l a t o r y  d i so rde r s  produced by n i c o t i n e .  This view w a s  supported 
by L e v y  e t  al. ( L e v y ,  Mathers, Mueller and Nickerson, 1947), who showed tha t  
after the  adminis t ra t ion of n i c o t i n e  the re  i s  no c o r r e l a t i o n  between t h e  i n t e n ­
s i t y  of EKG changes and increase i n  cardiac a c t i v i t y .  

Numerous experimental  and c l i n i c a l  observat ions were concerned with com­
paring changes i n  the coronary c i r c u l a t i o n  induced by n i co t ine  i n  h e a l t h y  
animals and i n  animals w i t h  an impaired ca rd iac  blood supply (due t o  a thero­
s c l e r o s i s ,  myocardial i n f a r c t ,  e t c  .) . For example, R inz le r  e t  al. (R inz le r ,  
T rave l l ,  Karp and Charlson, 1956) observed t h a t  t he  drainage of blood from t h e  
coronary vesse l s  decreased under t h e  inf luence of n i co t ine  i n  r abb i t s  with 
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experimental  a the rosc l e ros i s .  I n  hea l thy  animals, on the  o ther  hand, drainage 
increased.  B e l l e t  e t  al .  ( B e l l e t ,  Kersbaum, Mead and Schwartz, 1941) found 
t h a t  EKG changes occurred i n  animals wi th  experimental  myocardial i n f a r c t  a f te r  
t h e  adminis t ra t ion of n i co t ine  i n  doses one-quarter those given t o  normal 
a n i m a l s .  

The c l i n i c a l  d a t a  are s i m i l a r  (Henderson, 1953; Simon, Lglauer and 
Braunstein,  1954; o t h e r s ) .  According t o  Bargeron, Ehmke, Conlubol, e t  al. 
(1957), smoking by hea l thy  human be ings  increases  the  coronary blood flow, b u t  
does not  a f f e c t  myocardial oxygen consumption. The authors  th ink  t h a t  coronary 
vasocons t r ic t ion  fol lows t h e  adminis t ra t ion  of n i co t ine  only i f  t h e  coronary 
c i r c u l a t i o n  i s  already impaired. 

It  i s  evident  t h a t  t h e  publ ished d a t a  deal ing with the  e f f e c t  of n ico t ine  
on the  coronary c i r c u l a t i o n  are abundant but  conf l i c t ing .  One th ing  i s  c l ea r :  
n ico t ine  i s  capable of impairing the myocardial blood supply.  However, t h e  
underlying mechanism of ac t ion  and the  f a c t o r s  responsible  f o r  t he  d i f fe rence  
i n  the  i n t e n s i t y  of i t s  ac t ion  on blood vesse l s  under normal and pa thologica l  
condi t ions are s t i l l  obscure.  Most i nves t iga to r s  are  inc l ined  t o  be l ieve  t h a t  
t he  main reason f o r  impairment of t h e  coronary c i r c u l a t i o n  i s  myocardial hy­
poxia .  It has been assumed a p r i o r i  t h a t  n i co t ine  can c o n s t r i c t  the  coronary 
v e s s e l s ,  bu t  t he re  i s  no experimental  proof of t h i s  as y e t .  

Our observations showed t h a t  intravenous i n j e c t i o n  of n i co t ine  causes a 
pronounced increase i n  t h e  coronary flow accompanied by hypertension ( t a b l e  7) . 
I n  a dose of 0 .1  mg/kg, t h e  drug increased the  blood flow by 83 f 21 percent on 
t h e  average ( 5  experiments).  It i s  evident  from the  f i g u r e s  t h a t  t he  changes 
i n  blood flow were q u i t e  va r i ab le .  This w a s  t r u e ,  bu t  t o  a l e s s e r  degree,  f o r  
blood pressure changes. I n j e c t i o n  of t h e  same dose of n i co t ine  r e s u l t e d  i n  
blood pressure r i s i n g  54 f 3.8 percent  above the o r i g i n a l  l e v e l .  It i s  i n t e r ­
e s t i n g  t o  note t h a t  i n  a dose of 1 mg/kg ( i . e . ,  10 t i m e s  the  amount) n i co t ine  
f a i l e d  t o  induce more pronounced changes i n  the  volume rate  of t he  coronary 
f low.  The i n t e n s i t y  of t h e  flow i n  t h e  experiments increased 81 f 21 percent ,  
while blood pressure rose  somewhat more than a f t e r  a 0 .1  mg/kg dose, i . e . ,  85 f 
4 . 1  percent .  However, t he  d i f fe rence  i n  these  e f f e c t s  w a s  s t a t i s t i c a l l y  i n ­
s i g n i f i c a n t  ( p  = 0 . 1 ) .  There w a s  no co r re l a t ion  between the  changes i n  coro­
nary blood flow and blood pressure .  

The sharp f l u c t u a t i o n s  i n  rate of coronary flow i n  the d i f f e r e n t  exper i ­
ments and the lack of co r re l a t ion  with changes i n  blood pressure  make it i m ­
poss ib le  t o  g e t  a d e f i n i t e  i d e a  about t h e  state of cardiovascular  tone a f t e r  
t he  adminis t ra t ion of n i co t ine  from t h e  d a t a  obtained by recording the  coronary 
flow. The changes i n  hemodynamic condi t ions mask the  t r u e  e f f e c t  of n i co t ine  
on the  coronary vesse l s .  

Clearer r e s u l t s  w e r e  obtained i n  experiments with res i s tography ( t a b l e  8 ) .  
Nicot ine i n  a dose of 1 mg/kg increased t h e  r e s i s t ance  of t h e  coronary vesse l s  
16 f 6.1 percent  on the  average ( i n  6 experiments).  

Blood pressure meanwhile rose  68 f 7.8 percent  above the o r i g i n a l  l e v e l  
( f i g .  16). The card iac  vesse ls  became cons t r i c t ed  10-16 sec af ter  n i co t ine  w a s  
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2 
3 
4 
5 
6 

TABLE 7. EFFECT OF NICOTINE ON TRE VOLUME RATE: OF TRE CORONARY FLOW 
AND ON BLOOD PRFSSURE. (MEAN DATA I N  PERCENTAGES OF THE ORIGINAL 
m:VEL W I T E  THE STANDARD ERROR) 

Changes i n  Changes i n  
Dose !To. of outflow 

Me an 
blood pressure 

Me anAgent i n  2xper i- i n  i n  
w / k g  ment percentages of d a t a  percentages of d a t a  

the o r i g i n a l  leve l  ;he o r i g i n a l  l e v e l  

Nicotine 0.1 	 + 39 
+120 
+149 
+ 68 
+ 37 

+ 24 
+ 32 
+la 
+ 35 
+io6 
+138 

+ 80 

EFFECT OF N I C O T I N E  
AND ON BLOOD PRESSURE. (MEAN 
LEVEL WITH THE STANDARD ERROR) 

+41 
+61 

+83 f 21 +59 t54 f 3.8 
+62 
+48 

+68 

+87 


+81 f 21 	 +82 t85 f 4.1 

+98 

+99 

+67 

+93 


ON RESISTANCE OF THE CORONARY VESSELS 
DATA I N  PERCENTAGES OF THE O R I G I N A L  

Changes i n  Changes i n  
Dose No. of r e s i s t a n c e  blood pressure 

Me anAgent i n  exper i - i n  i n  
mg/kg ment percentages of d a t a  percentages of d a t a  

the  o r i g i n a l  l e v e l  
Mean Ihe o r i g i n a l  level 

Nicotine 0.1 +12 + 39 
+46 +161 
+20 +16 f 6.1 + 54 +68 f 7.8 
-10 - 41 + 57 
+14 +44 
+ 7  +71 

N icot  ine 1 1 +13 - 9 + i i o  - 16 
2 +15 - 5 +16 f 2.7 + 75 - 32 +86 f 8.7 
3 +24 - 4 - 6 * l  + 89 - 40 -29f 4 
4 +12 - 7 + 71 - 29 

lThe + sign designates  the  increased r e s i s t a n c e  phase of t h e  vesse ls ;  the  - s ign  
designates  the  decreased r e s i s t a n c e  phase.  
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Figure 16. E f f e c t  of n i c o t i n e  (0 .1  mg/kg on r e s i s t a n c e  
of the coronary v e s s e l s  and on blood pressure .  
Top t o  bottom: perfusion p res su re  ( res i s togram) ,  blood 
p res su re ,  m a r k  of adminis t ra t ion of the  agent,  t i m e  
m a r k - - 5  s ee .  a--background and admin i s t r a t ion  of nico­
t i n e ;  b--5 min a f t e r  adminis t ra t ion of n i c o t i n e .  

i n j e c t e d ,  the e f f e c t  l a s t i n g  5-6 min. It i s  i n t e r e s t i n g  t o  note t h a t  the  time 
the  vasoconstr ic tor  e f f e c t  developed coincided w i t h  t he  start of EKG changes. 

I n j e c t i o n  of 1 mg/kg of n i c o t i n e  caused changes of diphase character  i n  
r e s i s t a n c e  of the  coronary v e s s e l s .  J u s t  as i n  t h e  preceding s e r i e s  of exper i ­
ments, r e s i s t a n c e  inc reased  immediately a f t e r  the drug w a s  i n j ec t ed ,  bu t  the  
i n t e n s i t y  d i d  not  exceed that  which followed the  0 .1  mg/kg dose. The increase 
averaged 16 f 2.7 percent  ( i n  4 experiments).  I n  4-6 min vasocons t r i c t ion  gave 
way t o  vasodi la t ion .  The l a t t e r  phase w a s  less i n t e n i e  than the  former ( a v e r ­
aging 6 * 1 p e r c e n t ) .  

Changes i n  blood p res su re  a f t e r  i n j e c t i o n  of 1 mglkg of n ico t ine  were 
l ikewise diphase.  E leva t ion  of blood pressure ,  averaging 86 f 8.7 percent ,  w a s  
followed by a lowering (averaging 29 * 4 percent  i n  4 experiments).  

Analysis of t h e  experiments w i t h  n i c o t i n e  seemed t o  ind ica t e  t h a t  the  i n ­
crease i n  r e s i s t a n c e  of the cardiac vesse ls  after adminis t ra t ion of 0 . 1  mg/kg 
of the  drug i s  due t o  t h e  f a c t  t h a t  it e x c i t e s  the autonomic gangl ia .  The 
e f f e c t  i s  two-phase i f  t h e  dose i s  increased,  a decrease i n  r e s i s t a n c e  follow­
ing the i n i t i a l  increase .  W e  decided t o  v e r i f y  t h i s  by administering n i c o t i n e  
following the  a c t i o n  of tetraethylammonium ( 5  mg/kg) . The experiments r evea led  
t h a t  w i th in  5-6 min of i n j e c t i n g  TEA, i . e . ,  w i t h  t h e  transmission of e x c i t a t i o n  
blocked i n  the gangl ia ,  t he  adminis t ra t ion of n i c o t i n e  d i d  not  cause the  re­
s i s t a n c e  of the  coronary v e s s e l s  t o  increase  ( f i g .  17). Thus, vasocons t r i c t ion  
under the inf luence of n i c o t i n e  i s  the  r e s u l t  of i t s l e x c i t i n g  a c t i o n  on the 
autonomic gangl ia .  Addi t iona l  confirmation came from the  observations of G .  F. 
Kareva (1961),who found t h a t  TEA prevented EKG changes following the  adminis­
t r a t i o n  of n i c o t i n e .  
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Figure 17. E f f e c t  of n i co t ine  ( 0 . 1  mg/kg) on r e s i s t a n c e  
of t h e  coronary vesse l s  and on blood pressure  fol lowing 
a blockade of t ransmission of e x c i t a t i o n  i n  t h e  auto­
nomic gang l i a  by tetraethylammonium ( 5  mg/kg) . 
Top t o  bottom: per fus ion  pressure ( r e s i s tog ram) ,  blood 
pressure ,  m a r k  of adminis t ra t ion of t he  agent,  t i m e  
mark--5 see .  a--el iminat ion of t he  e f f e c t  of n i co t ine  
by tetraethylammonium; b--second adminis t ra t ion  of nico­
t i n e  6 min af ter  tetraethylammonium; c - - s t m t  of r e s t o ­
r a t i o n  ( 2 5  mln af ter  adminis t ra t ion  of tetraethylammo­
nium) . 

It i s  i n t e r e s t i n g  t o  note t h a t  n i co t ine  i n  a dose of 0 . 1  mg/kg apparent ly  
causes maximum e x c i t a t i o n  of.  t he  autonomic gang l i a  responsible  f o r  conduction 
of e x c i t a t i o n  t o  t h e  cardiac'  ves se l s  because EL 10-fold increase i n  the  dose 
does not i n t e n s i f y  the  cons t r i c t ion  phase of t he  card iac  vesse ls  ( t ab le  8 ) .  
However, i n  t h i s  dose n i co t ine  i s  not  po ten t  enough t o  achieve a d i s t i n c t  
ganglion-blocking e f f e c t  because the card iac  ves se l s  respond t o  the  drug only 
by cons t r i c t ing .  The ganglion-blocking e f f e c t  i s  f u l l y  manifested when used i n  
a dose of 1 mg/kg i n  t h e  form of decreased r e s i s t a n c e  of t h e  cardiac ves se l s ,  
i .e . ,  d i l a t a t i o n .  

A comparison of t h e  r e s u l t s  of our experiments with n i co t ine ,  performed 
with t h e  a i d  of two d i f f e r e n t  methods ( record ing  of t he  blood flow rate and 
res i s tography) ,  throws some l i g h t  on the  d i f fe rences  i n  ac t ion  of n i co t ine  on 
the  myocardial blood supply under normal and pa thologica l  condi t ions of t h e  
h e a r t  and coronary v e s s e l s .  The nicot ine- induce3 vasocons t r ic t ion  i n  the  
hea l thy  organism i s  compensated by sharp changes i n  hemodynamics. Despite t he  
increased vascular  coronary tone,  the volume of blood pass ing  through t h e  ves­
sels i n  a u n i t  of t i m e  may grow owing t o  e l eva t ion  of a r t e r i a l  pressure .  I n  
t h i s  event t he  hea r t  rece ives  enough oxygen and myocardial hypoxia does not  
occur. 

I n  a the rosc l e ros i s  o r  o ther  condi t ions t h a t  impair myocardial n u t r i t i o n ,  
d i s rup t ion  of t h e  mechanisms t h a t  regula te  blood c i r c u l a t i o n  may prevent 
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nicot ine- induced vasocons t r ic t ion  from being compensated by the  hemodynamic 
f a c t o r s ,  thereby i n t e n s i f y i n g  t h e  changes i n  the myocardial blood supply. 
These changes have much i n  common w i t h  the changes brought about by epinephrine.  
However, epinephrine d i s t i n c t l y  d i l a t e s  the coronary vesse l s  a f t e r  c o n s t r i c t i n g  
them and it  inf luences  myocardial metabolism, an e f f e c t  t h a t  n i co t ine  does not  
have. This may be the reason t h a t  n i co t ine  impairs the coronary c i r c u l a t i o n  so 
r api d l y .  

Our observat ions on n i co t ine ,  der ived from a comparison of changes i n  the  
ra te  of coronary f low,  cardiovascular  r e s i s t ance ,  and blood pressure may no t  
embrace a l l  the aspec ts  of i t s  mechanism of ac t ion  on the myocardial blood sup­
p l y ,  but  they do throw some new l i g h t  on the problem. 

2 .  Other Ganglion-Blocking Agents (Tetraethylammonium, Hexamethonium, 
Pentamine and Mecamylamine) 

The f i r s t  s e r i e s  of experiments involved recording the volume ra te  of 
blood flow i n  the card iac  v e s s e l s .  They showed t h a t  the gang l io ly t i c s  cause 
d i f f e r e n t  changes i n  t h i s  index. For example, tetraethylammonium (TEA) had the  
most pronounced capac i ty  t o  increase  the  volume r a t e  of t he  coronary flow. A 
s l i g h t  increase (8-10percent  above the  o r i g i n a l  l e v e l )  o f t en  followed even the 
use of low doses (1-2 mg/kg), bu t  t h e  e f f e c t  w a s  g r e a t e s t  w i t h  doses of 3-5 
mg/kg. A 5 mg/kg dose increased the blood flow on the  average 36 f 2.9 percent  
above the  o r i g i n a l  l e v e l  ( f i g .  18) i n  5 experiments, the e f f e c t  l a s t i n g  5-10 
min. Experiments w i t h  res i s tography showed tha t  the same doses of TEA de­
creased the  r e s i s t a n c e  of the coronary vesse l s .  S t a t i s t i c a l  processing of the 
r e s u l t s  revea led  t h a t  the decrease i n  r e s i s t a n c e  a f t e r  a dose of 5 mg/kg aver­
aged 10 * 4 percent  of the o r i g i n a l  l e v e l  ( i n  7 experiments).  Blood pressure ,  
meanwhile, dropped 29 f 3.6 percent .  It i s  evident  from t h e  data summarized i n  
table 9 t h a t  the  degree of change i n  blood flow and blood pressure  under the  i n ­
f luence of tetraethylammonium ranged wi th in  f a i r l y  broad l i m i t s .  

The r e s u l t s  va r i ed  most i n  the experiments w i t h  hexamethonium. I n  low 
doses (0 .25  mg/kg) t h i s  drug gene ra l ly  decreased the  volume rate of t h e  blood 
flow 9 f 3 percent  on the average ( i n  6 experiments) ,  i .e . ,  f l u c t u a t i o n s  were 
pronounced. Blood p res su re  i n  the same experiments w a s  lowered 21  4.7 per ­
cen t .  Much l a r g e r  doses of the  drug (1-2 mg/kg) produced even sharper f l u c t u a ­
t i o n s .  I n  some cases  it decreased the volume r a t e  of the coronary flow, w h i l e  
i n  o the r s  it A com­increased  t h e  outflow of blood from the coronary s inus .  
par i son  of t h e  changes i n  blood flow with t h e  o r i g i n a l  va lues  showed t h a t  the 
blood flow rate  decreased when it w a s  o r i g i n a l l y  q u i t e  high ( u s u a l l y  more than 
6 ml/min), whereas it increased i n  the experiments w i t h  low o r i g i n a l  values  
( f i g .  19). Thus, the e f f e c t  of hexamethonium v a r i e s  from case t o  case ,  depend­
ing  on the myocardial blood supply. 

I n  the experiments involving recording of the r e s i s t a n c e  of t he  coronary 
vesse l s ,  hexamethonium gene ra l ly  reduced it. For example, t he  drug ( 2  mg/kg) 
reduced r e s i s t a n c e  i n  6 out of 8 experiments and increased it i n  only 2. 



Figure  18. E f f e c t  of tetraethylammonium ( 5  mg/kg) on the  volume rate 
of the  coronary flow, amplitude of cardiac con t r ac t ions  and blood 
pres  sure . 
Top t o  bottom: amplitude of cardiac con t r ac t ions  (recording by means 
of a myocardiograph wi th  pneumatic t ransmission)  , blood pressure ,  
volume r a t e  of coronary flow (peak of columns--value of blood flow 
f o r  15 sec,  f i g u r e s  above the  columns--minute volume of coronary 
f low).  I n  the  kymograms presented below of t h e  experiments with r e ­
cording of t he  volume r a t e  of coronary flow, the  peak of t he  columns 
shows the  value of t he  blood flow i n  15 sec;  t he  f i g u r e s  above the  
columns--minute volume of coronary flow, mark of adminis t ra t ion of 
t he  agent,  time mark--5 sec .  

TABLE 9. EFFECT OF GANGLION-BLOCKING AGENTS ON "HE VOLUME RATE 
OF THE CORONARY FLOW, RESISTANCE OF THE CORONARY VESSELS AND 
BLOOD PRESSURE. (MEAN DATA I N  PERCENTAGES OF THE ORIGINAL 
LEVEL WITH TEE STANDARD ERROR) 


Agent 

Change i n  
rolume rate 
if coronary 

flow 

Change i n  
r e s i s t a n c e  of 

:oronmy vessel :  

Change i n  
blood 

p res su re  

Tetraethy1-
ammonium +16 f 2.9 -10f 4 -29f 3.6 

Hexamethonium +38 f 4.7 - 8 3.2 -28f 9.1 
-30 f 2.8 

Pent amine +34 * 7.5 -io * 5.1 -23 f 4.4 
-31 f 8.9 

Mecamylamine -27 5.2 + 5 * 2.6 -32f 6.7 

R e m a r k s  

The r e s u l t s  of the 
experiments with 
hexamethonium and 
pentamine were proc­
essed by groups, de­
pending on the  nature  
of t h e  e f f e c t  ( s e e  
t e x t ) .  The + s ign  
designates  the  mean 
increase  i n  volume 
rate of the  coronary 
flow; the  - s ign  des­
igna tes  a decrease 
there in .  
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Figure  19. Rela t ionsh ip  between 
and i t s  o r i g i n a l  values  under t h e  
me thonium. 
Ordinate:  from 0 upward--values 

O r i g i n a l  
blood flow 
i n  ml/min 

changes i n  the coronary blood flow 
inf luence of 2 mg/kg of hexa­

of t h e  maximum inc rease  i n  blood 
flow i n  percentages of t h e  o r i g i n a l  l e v e l ;  from 0 downward--values 
of t h e  maximum decrease i n  volume rate of coronary blood flow i n  
percentages of the o r i g i n a l  l e v e l .  Abscissa: o r i g i n a l - - o r i g i n a l  
values of t h e  volume r a t e  of coronary blood f low i n  ml/min. 

Processing of the data revealed tha t  the r e s i s t a n c e  of t h e  coronary ves­
sels increased when t h e  c r e a t i o n  of normal myocardial blood supply condi t ions 
r equ i r ed  the  use of a pe r fus ion  pump t o  maintain a h igh  rate of blood flow t o  
the ca rd iac  v e s s e l s .  When the f low rate w a s  average o r  low, r e s i s t a n c e  under 
the inf luence of hexamethonium decreased. Thus, the  experiments with resis­
tography confirmed our ear l ier  observat ion that  t h e r e  i s  a r e l a t i o n s h i p  between 
the e f f e c t  of hexamethonium and the o r i g i n a l  myocardial blood supply cond i t ions .  

S t a t i s t i c a l  processing of the r e s u l t s  of the experiments w i t h  r e s i s t o g r a ­
phy ind ica t ed ,  according t o  the mean va lues ,  t ha t  the e f f e c t  of hexamethonium 
should be i n t e r p r e t e d  as a r educ t ion  of coronary vascular  r e s i s t a n c e .  A SI 
mg/kg dose reduced r e s i s t a n c e  8 f 3.2 pe rcen t  on the  average ( i n  8 experiments).  
Blood pres su re  i n  these  experiments w a s  28 f 9.1 percen t  below the  o r i g i n a l  
l e v e l  ( t a b l e  9 ) .  L i k e  tetraethylammonium, hexamethonium tended t o  decrease t h e  
amplitude of ca rd iac  c o n t r a c t i o n s .  

L i k e  hexamethonium, pentamine (methylaminodiethylene b i s  ethyldimethyl  
ammonium bromide) produced changes i n  t h e  volume rate of t h e  coronary flow. 
I n j e c t e d  intravenously i n  doses of 0.2-0.25 mg/kg, it g e n e r a l l y  reduced t h e  
volume rate 1 4  f 3.2 pe rcen t  on the average ( i n  6 experiments) .  I t s  v a r i a b l e  
e f f e c t  w a s  e s p e c i a l l y  pronounced when used i n  l a rge  doses .  I n  these expe r i ­
ments, as i n  those with hexamethonium, t h e  amount of blood flowing ou t  of the 
coronary s i n u s  w a s  more or less related t o  the o r i g i n a l  l e v e l .  With a f a i r l y  
r a p i d  blood supply t o  t h e  myocardium ( o r i g i n a l  value of outflow--lO t o  12 
ml/min), t h e  admin i s t r a t ion  of pentamine reduced t h e  volume rate of t h e  coro­
nary flow. With a slow blood supply,  pentamine tended t o  inc rease  t h e  volume 
rate. The e f f e c t  of t h e  drug administered i n  the above doses p e r s i s t e d  15-25 
min. 
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I n  most experiments pentamine decreased t h e  r e s i s t a n c e  of t h e  coronmy 
v e s s e l s .  Resis tance increased only when t h e  myocardial blood supply condi t ions 
m a d e  it necessary t o  c r e a t e  a high rate of blood f low w i t h  a pe r fus ion  pump. 
S t a t i s t i c a l  processing of t h e  r e s u l t s  of t he  experiments involving t h e  adminis­
t r a t i o n  of 2 mg/kg of pentamine showed t h a t ,  according t o  t h e  mean va lues ,  a 
reduct ion of r e s i s t a n c e  w a s  t he  most probable e f f e c t .  It averaged LO f 5.1 pe r ­
c e n t  below the  o r i g i n a l  l e v e l  (mean data of 6 experiments).  Blood p res su re  i n  
t h e  same experiments dropped 23 f 4 . 1  pe rcen t ,  with a marked decrease i n  t h e  
amplitude of ca rd iac  con t r ac t ions .  

The most pronounced decrease i n  volume rate of t h e  coronary flow w a s  noted 
i n  the experiments with mecamylamine. This drug reduced t h e  blood flow i n  
every one of t h e  experiments. Processing t h e  d a t a  of t h i s  s e r i e s  of expe r i ­
ments revealed t h a t  t h e  drug reduced the  blood flow even i n  low doses (0.1-0.5 
mg/kg) . The e f f e c t  grew with inc rease  i n  t h e  dose. After a dose of 2 mg/kg 
the decrease averaged 27 f 5.2 percent  ( i n  5 experiments).  Mecamylamine a l s o  
induced a gradual  b u t  prolonged drop i n  blood p res su re .  Within 5-7 min of ad­
min i s t r a t ion ,  the la t te r  dropped on t h e  average 18 -Ir 0.7 pe rcen t  below the 
o r i g i n a l  l e v e l  ( i n  5 experiments).  And it did no t  always r e t u r n  t o  t h e  o r i g i ­
n a l  values.  One of t h e  experiments w i t h  mecamylamine i s  shown i n  f i g u r e  20. 

I n  t h e  experiments with resis tography,  w e  found t h a t  mecamylamine had 
l i t t l e  e f f e c t  on the  r e s i s t a n c e  of the ca rd iac  v e s s e l s .  I n  4 ou t  of 6 expe r i ­
ments when t h e  drug w a s  administered i n  a 0 . 5  mg/kg dose,  r e s i s t a n c e  inc reased .  
S t a t i s t i c a l  processing of t he  r e s u l t s  of t h i s  s e r i e s  showed t h a t  t h e  inc rease  
amounted t o  +5 f 2 . 6  pe rcen t  of the o r i g i n a l  l e v e l .  It i s  evident from the  
f i g u r e s  t h a t  t he  e f f e c t  was q u i t e  v a r i a b l e .  Like t h e  o the r  ganglion-blocking 
agents,  mecamylamine s l i g h t l y  decreased the amplitude of ca rd iac  con t r ac t ions .  

Table 9 summarizes the  r e s u l t s  of two series of experiments on the  e f f e c t  
of ganglion-blocking agents on t h e  volume r a t e  of t h e  coronary flow and on r e ­
s i s t a n c e  of the coronary v e s s e l s .  It i s  ev iden t  from t h e  t a b l e  t h a t  t hese  
agents ,  with the  except ion of mecamylamine, decrease t h e  r e s i s t a n c e  of' t h e  coro­
nary v e s s e l s .  But i n  doing so they  s i g n i f i c a n t l y  a l ter  t h e  l e v e l  of systemic 
art er ia1 p res su re .  A comparison of the r e s u l t s  of these  experiments with t h e  
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d a t a  obtained by recording the  volume rate of the  coronary flow shows t h a t  
f l u c t u a t i o n s  i n  r e s i s t a n c e  of t h e  card iac  ves se l s  p l ay  a d e f i n i t e  r o l e ,  bu t  
t hey  are no t  the dominant f a c t o r  i n  those changes i n  t h e  'myocardial blood sup­
p l y  which occur i n  response t o  t h e  adminis t ra t ion of ganglion-blocking agents .  

These agents are known t o  have no s i g n i f i c a n t  e f f e c t  on t h e  i n t e n s i t y  of 
myocardial metabolism (Murphy, Br ien ,  Rennie, Capps, Rowe and Crumpton, 1953; 
Rowe, C a s t i l l o ,  M a x w e l l ,  White, Freeman and Crumpton, 1 9 9 ) .  It would seem, 
the re fo re ,  t h a t  hemodynamic f a c t o r s  are of major s ign i f i cance  i n  the  changes 
i n  myocardial blood supply observed after the  ac t ion  of ganglion-blocking 
agents .  

Inasmuch as ganglion-blocking agents reduce the  card iac  ou-Lput a t  the same 
t i m e  t h a t  they promote hypotension (Gilmore, Kopelman, e t  al., 1952; Murphy 
e t  a l . ,  1953; Crumpton e t  a l . ,  1954; Wakim, 1955; S c o t t ,  Kaplan, e t  a l . ,  1956; 
Rowe, C a s t i l l o ,  M a x w e l l ,  e t  al., 1958) ,. an ana lys i s  of t h e i r  e f f e c t  on the  myo­
c a r d i a l  blood supply should take i n t o  account t h e  f a c t  t h a t  the nature  and i n ­
t e n s i t y  of t h e  e f f e c t  depends i n  each case on t h e  r e l a t i o n s h i p  between the en­
suing changes i n  the  genera l  hemodynamics and r e s i s t ance  of the card iac  ves se l s .  
Judging by the  r e s u l t s  of our experiments,  t h e  most favorable  condi t ions f o r  
t h e  myocardial blood supply axe c rea ted  by the adminis t ra t ion  of t e t r a e t h y l ­
ammonium, f o r  t h i s  drug inva r i ab ly  increases  the volume rate  of t he  coronary 
flow by reducing t h e  r e s i s t a n c e  of t he  card iac  ves se l s .  Mecamylamine adversely 
a f f e c t s  the  blood supply because it considerably decreases the  volume rate  of 
the  coronary flow, thereby  increas ing  i n  most cases the  r e s i s t a n c e  of the  coro­
nary vesse l s .  

Note t h a t  among t h e  agents under study only mecamylamine increased the  re­
s i s t ance  of the card iac  ves se l s  i n  the  majori ty  of experiments. This may be 
due t o  the  f a c t  t h a t  mecamylamine has  a pe r iphe ra l  vasocons t r ic tor  ac t ion ,  as 
demonstrated by Yu. V.  Uranov (1958), who observed t h a t  mecamylamine markedly 
cons t r i c t ed  the  ves se l s  of t he  i s o l a t e d  h e a r t .  

The d i f fe rences  w e  observed i n  t h e  cardiovascular  responses t o  hexametho­
nium and pentamine i n  r e l a t i o n  t o  t h e  o r i g i n a l  values of t he  coronary flow are 
of considerable  i n t e r e s t .  There i s  s t i l l  no convincing explanat ion of these  
f a c t s .  The i n t e n s i t y  of t he  hypotension induced by ganglion-blocking agents i s  
known t o  vary with t h e  o r i g i n a l  tone of t he  vasocons t r ic tor  nerves (Page, 1949; 
Paton and Z a i m i s ,  1952).  This circumstance may also be s i g n i f i c a n t  f o r  t h e  
cardiovascular  system as w e l l .  

Our f ind ings  may l ikewise  be of value i n  eva lua t ing  t h e  r o l e  of vasocon­
s t r i c t o r  innervat ion i n  coronary vascular  tone .  According t o  r ecen t  i deas ,  
vasocons t r ic tor  impulses are t ransmi t ted  t o  the  coronary vesse l s  along the  sym­
p a t h e t i c  nerves.  The vagus nerve i s  not  d i r e c t l y  involved i n  t h e  innerva t ion  
of the  coronary vesse l s  (Denison and Green, 19%; Szent ivanyi  and Nagy, 1959; 
H .  Wang, Blumental and S .  W a g ,  1960).  It fol lows,  then ,  t h a t  the e f f e c t  of 
ganglion-blocking agents  on t h e  r e s i s t a n c e  of the  coronary vesse ls  depends on a 
blockade of t h e  sympathetic gang l i a  which t ransmi t  e x c i t a t i o n  t o  the  card iac  
ves se l s .  The r e s u l t s  of our i nves t iga t ions  show t h a t  g a n g l i o l y t i c s  do no t  sub­
s t a n t i a l l y  reduce the  r e s i s t a n c e  of t h e  card iac  ves se l s ,  the  m a x i m u m  decrease 
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being 10 pe rcen t  of t h e  o r i g i n a l  l e v e l  (experiments with tetraethylammonium and 
p e n t m i n e ) .  It would seem, the re fo re ,  t h a t  under normal condi t ions t h e  card iac  
ves se l s  do no t  possess  marked vasocons t r i c to r  tone .  This  view i s  i n  l i n e  w i t h  
t h a t  of a number of i n v e s t i g a t o r s  who s tud ied  nervous regula t ion  of t h e  blood 
c i r c u l a t i o n  i n  d i f f e r e n t  vascular  beds (Green and Kepchar, 1959;V .  M. Khayutin,
1960). 

I n  summary, tetraethylammonium i s  t h e  most cons i s t en t  of ganglion-blocking 
agents i n  increas ing  t h e  myocardial blood supply by acce le ra t ing  t h e  volume 
r a t e  of t h e  coronary f low and reducing t h e  r e s i s t a n c e  of t he  coronary vesse l s .  
If t h e  myocardial blood supply i s  low, hexamethonium and pen tmine  increase  the  
r a t e  of coronary f low.  Under c e r t a i n  condi t ions ,  however, they may impair t he  
blood supply. Mecamylamine decreases the  volume ra te  of the coronary flow and 
i n  most ins tances  i n t e n s i f i e s  the  r e s i s t a n c e  of t h e  cardiac ves se l s .  The drug 
has  an adverse e f f e c t  on the  myocardial blood supply.  Our experimental  d a t a  
are i n  agreement wi th  c l i n i c a l  observations i n  which the  use of g a n g l i o l y t i c s  
brought on or increased  the frequency of anginal  a t t acks .  Thus, we be l i eve  
t h a t  t h e  r e s u l t s  of our i nves t iga t ions  should be considered when s e l e c t i n g  
ganglion-blocking agents  f o r  t he  t reatment  of hypertension accompanied by i m ­
pairment of t h e  coronary c i r c u l a t i o n .  

Comparatively s m a l l  doses of n i co t ine  increase  coronary vascular  tone.  If 
t h e  dose i s  r a i sed ,  n i co t ine  has a diphase e f f e c t ,  wi th  vasocons t r ic t ion  giving 
way t o  vasod i l a t ion .  This p a t t e r n  of changes i n  r e s i s t a n c e  of t he  coronary 
vesse l s  i s  due t o  t h e  diphase ac t ion  of n i co t ine  on t h e  autonomic gangl ia .  
Since n i co t ine  raises blood pressure sharply,  t h e  increase  i n  coronary vascular  
r e s i s t ance  does not  always cause t h e  myocardial blood supply t o  d e t e r i o r a t e .  
An e l eva t ion  of a o r t i c  pressure he lps  t o  increase  the  volume rate  of t he  coro­
nary flow. However, when the  coronary c i r c u l a t i o n  i s  impaired, hemodynamic 
regula t ion  may be inadequate and nicotine-induced vasocons t r ic t ion  w i l l  have an 
adverse e f f e c t  on the  myocardial blood supply. This view i s  confirmed by 
c l i n i c a l  observat ions i n  which smoking increased the  frequency of anginal  at­
tacks  i n  p a t i e n t s  wi th  coronary insuf f ic iency .  
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CHAPTER 4. EFFECT OF ANALGESICS ON THE CORONARY CIRCULATION 

Analgesics a re  widely used i n  the  treatment of coronary i n s u f f i c i e n c y  t o  
r e l i e v e  the  pain a s soc ia t ed  w i t h  anginal  a t t acks .  It i s  extremely important,  
t h e r e f o r e ,  t o  determine what changes these  agents b r ing  about i n  the  myocardial 
blood supply. It i s  necessary  t o  know, above a l l ,  whether they are capable of 
d i l a t i n g  the cardiac v e s s e l s .  There a re  some published r e p o r t s  on morphine. 
For example, Kountz (1932) observed i n  experiments on the i s o l a t e d  surviving 
human h e a r t  tha t  morphine increases  the outflow from the  coronary v e s s e l s .  
T h i s  w a s  the conclusion of Elek +nd K a t z  (1942) who s tudied  the  i s o l a t e d  f i b r i l ­
l a t e d  h e a r t .  Macht (1915) and Rsss l e r  (1930) inves t iga t ed  the e f f e c t  of mor­
phine on the  coronary flow i n  the  hear t - lung prepara t ion .  They found that  mor­
phine increased the  outflow from the cardiac ves se l s .  

According t o  Mautner and Pick (1929) , who s tudied  the e f f e c t  of morphine 
on the  coronary c i r c u l a t i o n  under the  conditions of experimental spasm of the  
coronary vesse ls  induced by p i t u i t r i n ,  morphine i n j e c t e d  intravenously in to  
dogs, c a t s  and rabbits delayed the  onset  of 'the spasm f o r  more than an hour.  
On the  other  hand, Van Egmond (1911) and Wegria (1951) showed that morphine has 
no s i g n i f i c a n t  e f f e c t  on t h e  coronary flow. P e t t u s ,  Geiger and Grzebien (1942) 
found t h a t  intravenous i n j e c t i o n  of morphine i n  therapeut ic  doses did not i m ­
p a i r  the  EKG i n  human beings.  They concluded t h a t  t h e  n a r c o t i c  i s  u s e f u l  i n  
cases  of acute coronary c i r c u l a t o r y  d i s o r d e r s .  S imi la r ly ,  Papper and Brandley 
(1942) observed tha t  morphine i n  the rapeu t i c  doses d i d  not s i g n i f i c a n t l y  a l t e r  
the  cardiac r a t e ,  card iac  output ,  o r  blood pressure l e v e l  i n  human beings.  

The e f f e c t  of morphine on blood pressure has been more thoroughly s tudied.  
W e  shal l  b r i e f l y  review the l i t e r a t u r e  because it i s  valuable i n  apprais ing the  
e f f e c t  of morphine on the  blood supply of var ious organs, t h e  h e a r t  i n  p a r t i c u ­
la r .  

Morphine i s  known t o  cause hypotension. This e f f e c t ,  however, i s  i r r e g u ­
lar and var iab le  i n  i n t e n s i t y  and du ra t ion  because s e v e r a l  mechanisms a re  i n ­
volved. For example, according t o  Schmidt and Livingston (1953), the  mechanism 
of v a s o d i l a t a t i o n  under the  inf luence of morphine i s  due t o  i t s  d i r e c t  ac t ion  
on the c a p i l l a r i e s  and t o  depression of t he  vasomotor center .  According t o  
Evans, Nasmyth and Stewart  (1952) ,  t he  lowering of blood pressure following 
intravenous infus ion  of morphine is  due both  t o  i t s  e f f e c t  on the  vasomotor 
center  and t o  i t s  a b i l i t y  t o  s t imula te  the r e l e a s e  of histamine. This i s  a l s o  
the  conclusion of Feldberg and Paton (1951). 

Compared w i t h  morphine, t he re  a re  few references  i n  t h e  l i t e r a t u r e  t o  the  
e f f e c t  of other  analgesics  on the  coronary c i r c u l a t i o n .  According t o  s e v e r a l  
authors , methadon and demerol have spasmolytic p r o p e r t i e s .  However, they were 
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manifested mainly i n  experiments on i s o l a t e d  organs (decrease i n  s p a s t i c  con­
t r a c t i o n s  of i s o l a t e d  segments of t h e  i n t e s t i n e ,  v a s o d i l a t a t i o n  i n  t h e  i s o l a t e d  
ear of r a b b i t s ,  e t c . )  ( S c o t t  and Chen, 1946; Kirchhof and Uchiyama, 1947). I n  
i n t a c t  animals demerol and methadon increased t h e  tone of u t e r i n e  and i n t e s t i ­
n a l  smooth muscle tone ( S c o t t ,  Kohlstaedt,  Robbins and Israel, 1947; Uchiyama, 
Kirchhof and David, 1947;M. D .  Mashkovskiy and R .  I. Kruglikova-L'vova, 19x0; 
B.  I .  Legostev and M .  K .  Sozina, 193; M. D.  Mashkovskiy and V .  I .  Ishchenko, 
1952; B .  I .  Legostev, 1952). 

Thus, the ques t ion  of whether t h e  above ana lges i c s  possess  spasmolytic 
p r o p e r t i e s  i s  s t i l l  moot. However, judging by  some c l i n i c a l  observat ions,  t hey  
are success fu l ly  used i n  seve ra l  d i seases  f o r  both t h e i r  pa in - r e l i ev ing  and 
spasmolytic e f f e c t s  (Kirchhof and David, 1948; T r o x i l ,  1948;. Popkin, 1948; 
V .  	M. Karatygin and 2. I .  Rozhnova, 1953; S .  V .  Bazanova, 1954; K .  B .  Radugin, 
1954; I .  V .  Sokolov, 1955; o t h e r s ) .  

W e  i nves t iga t ed  f o u r  analgesics--morphine , demerol, methaLon and thecodeine 
(hydroxycodeine hydrochloride) - - in j ec t ed  intravenously.  Morphine w a s  found t o  
increase the  volume r a t e  of t h e  coronary flow. I n  a 1mg/kg dose it increased 
the  r a t e  25 * 3.7 pe rcen t  (mean d a t a  of 8 experiments).  One of t hese  expe r i ­
ments i s  shown i n  f i g u r e  21a. Blood p res su re  af ter  t h i s  dose of morphine 
dropped i n s i g n i f i c a n t l y .  I n  some experiments blood pressure d i d  not change at 
all, and the maximum decrease w a s  no more than 8 percent  below the o r i g i n a l  
l e v e l .  The drop i n  blood pressure a f t e r  the above dose averaged 3 f 1.1per ­
cent (mean d a t a  of 8 experiments).  When t h e  dose w a s  boosted t o  2 mg/kg, the 
r a t e  of t h e  coronary f low rose  s l i g h t l y  ( t o  30-35 p e r c e n t ) .  

The e f f e c t ,  which l a s t e d  12-15 minutes, developed af ter  a marked drop i n  
blood pressure (25-30 percent  below the o r i g i n a l  value) . Experiments with pe r -
f u s i o n  of t he  coronary v e s s e l s  showed t h a t  morphine d i s t i n c t l y  lowers perfusion 
p res su re ,  a s i g n  of reduced r e s i s t a n c e  of t he  v e s s e l s  t o  the flow of blood 
( f i g .  21b).  S t a t i s t i c a l  processing of t h i s  series of experiments revealed t h a t  
t he  r e s i s t a n c e  of t he  coronary vesse l s  w a s  reduced by morphine ( 2  mg/kg) 1-3 f 
1 . 3  percent  (mean data of 8 experiments).  Blood p res su re  i n  t h e  same experi­
ments dropped 32 f 5.8 pe rcen t .  Thus, our experiments show t h a t  morphine has a 
favorable  e f f e c t  on t h e  blood c i r c u l a t i o n .  The r e s u l t a n t  i nc rease  i n  t h e  myo­
c a r d i a l  blood supply i s  apparent ly  due t o  t h e  f a c t  t h a t  it reduces the r e s i s t ­
ance of t h e  coronary v e s s e l s .  

The r e s u l t s  w e r e  q u i t e  d i f f e r e n t  i n  t h e  experiments with demerol. I n  
doses of 1-3 mg/kg t h i s  ana lges i c  s i g n i f i c a n t l y  decreased t h e  volume rate of 
t h e  coronary flow. After a 1 mg/kg dose, t h e  rate slowed on the  average 15 f 
4.8 percent  ( i n  5 experiments).  This e f f e c t  developed under the  condi t ions of 
low blood pressure which, however, w a s  no more than 25 percent  of t h e  o r i g i n a l  
value,  averaging 1 3  f 3.7 percent .  Increasing the dose t o  3 mg/kg r e s u l t e d  i n  
t h e  coronary flow rate  slowing 40-45 percent  ( f i g .  22a).  This dose sometimes 
lowered blood p res su re  considerably (about 30-35 pe rcen t ) .  

The decrease i n  ra te  of blood flow i s  presumably no t  a s i g n  of vasocon­
s t r i c t i o n .  It merely i n d i c a t e s  t h a t  when blood pressure i s  low, less  blood 
flows through t h e  ca rd iac  vessels i n  a u n i t  of t i m e .  However, t h e  experiments 
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Figure 21b. E f f e c t  of morphine ( 2  mg/kg) on r e s i s t a n c e  
of the coronary v e s s e l s  and on blood pres su re .  
Top t o  bottom: pe r fus ion  pressure ( resis togram) , blood 
p res su re ,  mark of adminis t ra t ion of t he  agent , t i m e  
mark--? sec ( t i m e  t h e  kymograph w a s  hal ted--3,  3 and 6 
min) . 

wi th  r e s i s tog raphy  show t h a t  under t h e  inf luence of demerol t h e  r e s i s t a n c e  of 
t he  coronary v e s s e l s  g e n e r a l l y  inc reases  ( f i g .  22b). Following the  adminis t ra­
t i o n  of a 1mg/kg dose,  t h e  inc rease  i n  vascular  r e s i s t a n c e  averaged 6 f. 1.6 
percent  ( i n  9 experiments).  
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Figure 22a. E f f e c t  of demerol ( 3  mg/kg) on t h e  volume 
rate of t h e  coronary flow. 

Top t o  bottom: blood p res su re ,  volume rate of coro­ 

nary f l o w ,  m a r k  of admin i s t r a t ion  of t h e  agent ,  t i m e  

mark--5 sec  ( t i m e  t h e  kymograph w a s  hal ted--?  min). 

Figure 22b. E f f e c t  of denerol. (3 rg /kg)  c m  r e s i s t a n c e  
of t he  coronary v e s s e l s .  
Top t o  bottom: blood pr..;..:sure , pe:rfusi on pressure 
( r e s i s tog ram) ,  mark of ;;inministratior, of' t h e  age-t,, 
t i m e  mark--5 s e c .  Broken l i nes - -o r ig jna , l  level of 
blood and perfusion pressures .  

Methadon, l i k e  demerol , sharply decreases  t h e  voli~11~:: m t e  of the coronary 
flow. A 1mg/kg dose dscreased t h e  blood flow i n  t h e  c(u.c'lia.- -,.ressels 37 + Jc.3 
percent  (mean d a t a  of 8 experiments).  This e f f e c t  o c c w r e d  -in t h e  absence o f  
hypotension. Blood pressure meanwhile u s u a l l y  dropped i i r ~  more than 20 percent  
below the  o r i g i n a l  l e v e l  (8 f 2 . 5  pepcent on t h e  a,vera,se). The e i f e c t  of meth­
adon l a s t e d  15-25 minutes. But t h e  r e s i s t a n c e  of t h e  Zoyonary v e s s e l s  changed 
much less under t h e  inf luence of methadon than  did the  volume rate of t h e  coro­
nary flow. The changes were r a t h e r  vague. I n  some cases r e s i s t a n c e  increased 
9-10 percent  above the  o r i g i n a l  l e v e l ,  while  i n  o t h e r s  it s l i g h t l y  decreased. 
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S t a t i s t i c a l  processing of t h e  r e s u l t s  of t he  experiments i n  which 1mg/kg doses 
of t h e  drug were used revea led  t h a t  r e s i s t a n c e  of t h e  coronary v e s s e l s  averaged
+4 f 2.8 percent  ( i n  5 experiments),  i . e . ,  it sca rce ly  changed. 

The r e s u l t s  of t he  experiments wi th  thecodeine were about t he  same. The 
volume rate of blood flow i n  t h e  card iac  vesse ls  decreased 15-20 percent  after 
adminis t ra t ion of 1-3 mg/kg doses,  while t he  average rate of blood flow de­
creased 1 4  f 4.3 percent  ( i n  6 experiments).  It i s  evident  from the f i g u r e s  
t h a t  changes i n  t h e  blood flow v a r i e d  considerably from experiment t o  expe r i ­
ment. I n  some cases  t h e r e  w a s  no decrease i n  t h e  volume rate of blood flow i n  
the  card iac  v e s s e l s ,  while i n  o t h e r s  it w a s  q u i t e  pronounced. Blood pressure 
w a s  l i t t l e  a f f ec t ed ;  it dropped s l i g h t l y  i n  most cases ,  averaging 8 f. 2.5 pe r ­
cent  ( i n  8 experiments) after a 1mg/kg dose. Thecodeine caused the  r e s i s t a n c e  
of the coronary vesse ls  t o  f l u c t u a t e  s l i g h t l y  and t r a n s i e n t l y .  S t a t i s t i c a l  
processing of the  d a t a  of 6 experiments showed t h a t  changes i n  the  r e s i s t a n c e  
of t he  coronary v e s s e l s  after t h e  admin i s t r a t ion  of a 2 mg/kg dose averaged 
2 rf 3.3 percent ,  i . e . ,  t h e i r  r e s i s t a n c e  sca rce ly  changed. 

The d a t a  obtained i n  the  experiments wi th  analgesics  a re  summarized i n  
t ab le s  10 and 11. 

TABLE 10. EFFECT OF ANALGESICS ON THE VOLUME RATE 
OF TRE CORONARY FLOW AND ON BLOOD PRESSURF:. (MEAN 
DATA I N  PERCENTAGES OF THE ORIGINAL VALUES WITH 
THE STANDARD ERROR) 

Agent 
Dose 

i n  
mdkg 

N o .  of 
exper -
iments 

Change i n  
volume r a t e  
of coronary 

flow 

Change i n  
blood 

pres  sure  

Morphine 
Demerol 

1 
1 

8 
5 

+25 f 3.7 
-15 f 4.8 

- 3 f 1.1 
-13 * 3.7 

Thecodeine 1 6 -14f 4.3 -12 f 1.9 
Methadon 1 8 -37 4.3 - 8 f 2.5  

TABLF: 11. EFFECT OF ANALGESICS ON RESISTANCE OF 
THE CORONARY VESSELS AND ON BLOOD PRESSURE. 
(MEAN DATA I N  PERCENTAGES OF THE ORIGINAL VALUES 
W I T H  THE STANDARD ERROR) 

exper 
of 
- Change i n  Change i nDose N o .  

Agent i n  blood 
m g h  iments r e s i s t a n c e  pressure 

Morphine 2 8 -32 f 
Demerol 1 9 2 2  :$2 -21f 2:;
Thecode ine 1 5 + 4 f 2.8 -15 3 
Methadon 2 6 - 2 f 3.3 -11* 5.6 
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A comparison of t h e  f i g u r e s  r e f l e c t i n g  t h e  e f f e c t  of each of t h e  ana l ­
g e s i c s  i n v e s t i g a t e d  on t h e  volume rate of t he  coronary f low,  r e s i s t a n c e  of t h e  
ca rd iac  v e s s e l s ,  and blood p res su re  shows t h a t  t he  inc rease  i n  myocardial blood 
supply caused by morphine r e s u l t s  from a decrease i n  r e s i s t a n c e  of t he  coronary 
v e s s e l s ,  i . e . ,  from t h e i r  d i l a t a t i o n .  Demerol, on t h e  o t h e r  hand, decreases  
t h e  volume rate of blood flow i n  t h e  ca rd iac  v e s s e l s  by increasing t h e i r  tone.  

Thus, the changes i n  myocardial blood supply under t h e  inf luence of mor­
phine and demerol may be r e l a t e d  t o  t h e i r  d i r e c t  e f f e c t  on the  tone of t he  ca r ­
d i ac  v e s s e l s .  Methadon and thecodeine g r e a t l y  decrease the  rate of blood flow 
i n  t h e  ca rd iac  v e s s e l s  without s i g n i f i c a n t l y  a f f e c t i n g  t h e  tone of t h e  coronary 
v e s s e l s .  Moreover, t h e  decrease i n  r a t e  of coronary flow produced by these  
agents cannot be a sc r ibed  t o  hemodynamic f a c t o r s  because they  f a i l e d  t o  b r ing  
about any s i g n i f i c a n t  changes i n  t h e  l e v e l  of systemic a r t e r i a l  p re s su re .  The 
decrease i n  volume rate of t he  coronary flow may be  t h e  r e s u l t  of the brady­
c a r d i a  induced by the  ana lges i c s .  This assumption, however, r e q u i r e s  expe r i ­
mental proof .  

3ur experiments showed t h a t  morphine a lone  i s  capable of i nc reas ing  t h e  
cardiac blood supply. Demerol, methadon, and t h e c o d e h e  decrease the  volume 
r a t e  of t he  coronary flow and, as a r e s u l t ,  may adversely a f f e c t  t h e  ca rd iac  
blood supply. Judging by t h e  r e s u l t s  of our experiments, morphine would seem 
t o  be  the most u se fu l  of t h e  analgesics  f o r  acute  impairment of t h e  coronary 
c i r c u l a t i o n .  Consequently, w e  thought it worthwhile t o  study t h i s  drug i n  
g r e a t e r  d e t a i l .  W e  performed a s p e c i a l  s e r i e s  of experiments t o  i n v e s t i g a t e  
i t s  e f f e c t  on myocardial oxygen consumption, using the p h o t o e l e c t r i c  method, 
which i s  based on measurement of t he  amount of oxyhemoglobin i n  venous blood 
d ra in ing  from t h e  coronary s inus .  Y e .  M .  Kreps' oxyhemometer w a s  used f o r  con­
t inuous measurement. A P l ex ig l a s  cuvet te  w a s  i n s e r t e d  i n t o  the  pickup of t he  
instrument.  It w a s  connected on one s i d e  t o  a c a t h e t e r  through which the blood 
flowed from the  coronary s inus  and on t h e  o t h e r ,  t o  t h e  jugu la r  vein through a 
rubber tube.  Thus, t h e  oxyhemoglobin con ten t  of the venous coronary blood w a s  
determined a t  t he  same time t h a t  t he  volume ra te  of t h e  coronary flow w a s  being 
recorded. The s c a l e  of the instrument w a s  enlarged and regraduated. The 
method i s  described i n  more d e t a i l  by I .  Y e .  K i s in  (1939). The oxyhemoglobin 
content of t h e  venous coronary blood obtained by t h i s  method w a s  used t o  calcu­
l a t e  the amount of oxygen consumed by the myocardium. The following formula w a s  
used: 

A = 1.34  ( C l  - C 2 )  V-H 
~ 

100 
, 

where A i s  the amount of oxygen i n  m l / m i n ;  C 1 i s  the oxyhemoglobin content of 

a r t e r i  a1 blood i n  percentages (determined with a r e f l e c t i n g  oxyhemometer; with 
a r t i f i c i a l  r e s p i r a t i o n - - r e g u l a r l y  with a poss ib l e  e r r o r  of +5 p e r c e n t ) ;  C2 i s  

the  oxyhemoglobin <.ontent i n  percentages of t h e  blood flowing out  of t h e  coro­
nary s inus ;  V i s  the  volume r a t e  of t he  coronary outflow i n  ml/min; H i s  t h e  
amount of hemoglobin i n  1 m l  of blood i n  grams. The hemoglobin content w a s  
determined with a pho toe lec t r i c  erythrohemometer. 
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Figure 23. E f f e c t  of morphine (1 .5  mg/kg) on t h e  ca rd iac  

blood supply.  

1- -Ar te r i a l  pressure i n  mm Hg; 2--volume rate of coronary 

flow i n  percentages of t h e  o r i g i n a l  l e v e l  (unbroken l i n e )  

and.  myocardi a1 consuinpt ion of oxygen from blood drained 

by the  coronary s inuses  (broken l i n e )  i n  percentages of 

the  o r i g i n a l  l e v e l ;  3-- amount of oxygen i n  coronary 

s inus  blood i n  percentages of oxyhemoglobin. Abscissa-- 

t i m e  i.n minutes. 


The experfments showed t h a t  changes i n  volume rate of t he  coronary flow 
and myocardial oxygen consumption occurred simultaneously under t h e  inf luence 
of morphine ( f i g .  2 3 ) .  An inc rease  i n  t h e  former w a s  accompanied by an i n ­
crease i n  t h e  l a t t e r .  However, i n  some of t h e  experiments the volume rate of 
t h e  coronary flow increased a l i t t l e  more than d i d  the  myocardial oxygen con­
sumption. 

The ca rd iac  output  i s  l i t t l e  changed by morphine, although it may occa­
s i o n a l l y  diminish (Hcr th l e ,  1890; Gruber and Robinson, 1929; Hamilton, Moore, 
Kinsman and Spurl ing,  1932; Resnik, Friedeman and Harrison,  1935; Papper and 
Brandley, 1942).  

Thus, morphine c r e a t e s  t h e  sam s i t u a t i o n  as some other  v a s o d i l a t o r s  
(papaverine,  t h e  purines ,  e t c . ) ,  i . e . ,  t he  myocardial blood supply grows i n  t h e  
absence of increased a c t i v i t y  by t h e  h e a r t .  Such a s i t u a t i o n  would be f avorab le  
f o r  t h e  blood supply of an a i l i n g  h e a r t  if the  amount of oxygen consumed by t h e  
myocardium d i d  no t  i nc rease  e q u a l l y  with a c c e l e r a t i o n  of t h e  coronary blood flow. 
W e  s t i l l  do not  know whether t h e  myocardium rece ives  a d d i t i o n a l  blood at t h i s  
time, nor do we know t h e  mechanism of t h e  p o s i t i v e  e f f e c t  of t h e  v a s o d i l a t o r  
agents which simultaneously inc rease  myocardial oxygen consumption. Rowever, 
t h e  c l i n i c a l  e f f e c t i v e n e s s  of t h i s  group of drugs i s  w e l l  known. Therefore,  
by  analogy wi th  o the r  agents (possessing, s i m i l a r  a c t i o n  on t h e  coronary 
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c i r c u l a t i o n )  used t o  treat  angina p e c t o r i s ,  it i s  reasonable t o  be l i eve  t h a t  
the use of morphine should give good r e s u l t s .  Moreover, t h e  a b i l i t y  of morphine 
t o  d i l a t e  the  coronary v e s s e l s ,  as revealed i n  our experiments, i s  p a r t i c u l a r l y  
valuable  when combined wi th  i t s  analgesic  p r o p e r t i e s .  

This conclusion a p p l i e s  only t o  morphine. The e f f ec t iveness  of t he  o ther  
analgesics  ( thecodeine,  methadon, and demerol) i n  the  treatment of angina pec­
t o r i s ,  judging by our i n v e s t i g a t i o n s ,  cannot be a t t r i b u t e d  t o  t h e i r  d i r e c t  i n ­
f luence on the  cardiac ves se l s .  
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CHAPTER 5.  EFFECT O F  PRENOTFfIAZINE DERIVATIvES 
ON TEE CORONARY CIRCULATION 

The most i n t e r e s t i n g  of , t h e  many mani fes ta t ions  of t he  pharmacological 
ac t ion  of the  phenothiazine d e r i v a t i v e s  are t h e i r  spasmolytic p rope r t i e s ,  par ­
t i c u l a r l y  t h e i r  capac i ty  t o  d i l a t e  the  blood vesse l s .  At ten t ion  has  been 
focused l a r g e l y  on chlorpromazine, a t y p i c a l  r ep resen ta t ive  of t h i s  group of 
compounds. Chlorpromazine lowers blood pressure  considerably (Heinecker, 1954; 
Huidobro, 1954; M. D.  Mashkovskiy, S .  S .  Liberman and A.  I .  Polezhayeva, 1933; 
Sp i t zba r th  e t  a l . ,  1955; o t h e r s ) .  The numerous inves t iga t ions  of t h e  mechanism 
of hypotension t h a t  develops a f te r  t h e  adminis t ra t ion  of chlorpromazine i n d i ­
ca t e  t h a t  t h e  main cause i s  a reduct ion of pe r iphe ra l  vascular  r e s i s t a n c e  
(Fos t e r ,  O'Mullane, Gaskel l ,  Churchi l l  and Davidson, 1954; Kopera and Amitage,
1954; Spurr ,  Horvath and Farrand,  1956; Duff, McIntyre and Bu t t e r ,  1956; o t h e r s ) .  
This i s  due mainly t o  the  drug ' s  spasmolytic ac t ion  and t o  i t s  a b i l i t y  t o  block 
the  pe r iphe ra l  adrenergic  s t r u c t u r e s .  A number of i nves t iga to r s  sought t o  de­
termine what s ign i f i cance  i t s  e f f e c t  on the c e n t r a l  nervous system has i n  t h e  
development of the  vasod i l a to r  e f f e c t .  For example, Fos t e r  e t  a l .  (1954) and 
Ginsburg and D u f f  ( 1956) be l i eve  t h a t  vasod i l a t a t ion  caused by chlorpromazine 
i s  due t o  combined c e n t r a l  and pe r iphe ra l  ac t ion .  They drew t h i s  conclusion 
from experiments wi th  plethysmographic recording of vascular  tone i n  t h e  extrem­
i t i e s .  They found t h a t  intravenous i n j e c t i o n  of t h e  drug has a more poten t  
vasod i l a to r  e f f e c t  than  i n t r a a r t e r i a l  i n j e c t i o n  ( d i r e c t l y  i n t o  the  ves se l s  of 
t h e  ex t r emi t i e s ) .  

Severa l  authors  who s tudied  the  mechanism of the  vasod i l a to r  e f f e c t  of 
chlorpromazine ( i n  experiments wi th  c ross  perfusion of var ious  i s o l a t e d  vascu­
l a r  regions r e t a i n i n g  only a nerve connection with t h e  organism) found t h a t  the  
ves se l s  became d i l a t e d  only when the  drug w a s  i n j e c t e d  d i r e c t l y  i n t o  the  ves se l s  
of t he  i s o l a t e d  region ( i n j e c t i o n  i n t o  the  donor or  i n t o  t h e  per fus ion  stream). 
It had no vasodi la tor  e f f e c t  when i n j e c t e d  intravenously i n t o  the  r e c i p i e n t  
(Decourt, 1954; Kovach, Kleinsorge,  Roheim, I r a n y i  and Rosner, 1957; Yu. I. 
Vikhlyayev, 1969). These observat ions show t h a t  it i s  t h e  pe r iphe ra l ,  sympatho­
l y t i c ,  and myotropic ac t ion  of chlorpromazine t h a t  p lays  the  dec i s ive  r o l e  i n  
producing the  hypotensive e f f e c t  and thus  decreasing vascular  tone .  The sym­
pa tho ly t i c  mechanism of the  vasodi la tor  ac t ion  of t h e  drug i s  presumably respon­
s i b l e  f o r  t h e  d i f f e rence  i n  i n t e n s i t y  of t h e  changes t h a t  it causes i n  the  blood 
supply of the  var ious vascular  regions.  The o r i g i n a l  tone of t h e  ves se l s  appar­
e n t l y  determines the  i n t e n s i t y  of the  vasod i l a to r  e f f e c t .  

The l i t e r a t u r e  dea l ing  wi th  the  e f f e c t  of chlorpromazine on the  blood c i r cu ­
l a t i o n  confirms this  view. The vasodi la tor  e f f e c t  i s  p a r t i c u l a r l y  sharp i n  t h e  
vesse ls  of t h e  extremities,  the vasomotor component of which i s  q u i t e  pronounced 
(Green and Kepcher, 1959; V .  M. Khayutin, 1960). Pickering and Ahlquist  (1955) 
used a rotameter t o  record  the  blood flow i n  the  femoral and r e n a l  ar ter ies  of 



dogs and found t h a t  chlorpromazine i n  a 1mg/kg dose increased t h e  blood f low 
i n  t h e  extremities considerably,  b u t  had l i t t l e  e f f e c t  on t h e  blood f low i n  t h e  
kidneys. This w a s  a l s o  t h e  f i n d i n g  of Shackman e t  al. (Shackman, Wood-Schmidt, 
Graber, Melrose and Lynn, 1954), who c a l c u l a t e d  t h e  i n t e n s i t y  of c i r c u l a t i o n  i n  
human e x t r e m i t i e s  from plethysmographic changes. They observed t h a t  i n t r a v e ­
nous i n j e c t i o n  of t h e  drug sha rp ly  increased t h e  blood f low i n  t h e  e x t r e m i t i e s .  

h e n s  and Witzleb (1955) used t h e  the rmoe lec t r i c  method of recording t h e  
blood flow and found t h a t  chlorpromazine a c c e l e r a t e d  t h e  blood f low i n  the  
c a r o t i d ,  mesenteric,  sp l en ic ,  and r e n a l  ar ter ies  as soon as it w a s  i n j e c t e d ,  
t he  amount of i nc rease  varying from v e s s e l  t o  v e s s e l .  The c e r e b r a l  blood ves­
sels  are known t o  l a c k  a d i s t i n c t  neurogenic tone (Green and Kepcher, 1959). 
This i s  obviously the  reason why chlorpromazine cannot d i l a t e  t hese  ves se l s ,  
b u t  it does tend t o  decrease blood flow. Moyer, Morris e t  a l .  (1936), 
f o r  example, showed t h a t  chlorpromazine i n  low doses,  which do not  sha rp ly  
lower blood p res su re ,  s l i g h t l y  decreases t h e  volume rate  of the  c e r e b r a l  blood 
flow. However, under t h e  conditions of marked hypotension, t h i s  e f f e c t  may be 
Considerably i n t e n s i f i e d .  The adminis t ra t ion of norepinephrine r e s t a r e s  the  
o r i g i n a l  b lood  p res su re  l e v e l ,  thereby overcoming a chlorpromazine-induced de­
crease i n  blood f low i n  the  c e r e b r a l  v e s s e l s .  Thus, blood flow changes i n  t h e  
c e r e b r a l  v e s s e l s  under t h e  inf luence of chlorpromazine are due t o  hemodynamic 
condi t ions,  which p l a y  a major r o l e  i n  r e g u l a t i n g  t h e  c e r e b r a l  blood c i r c u l a ­
t i o n .  This w a s  a l s o  t h e  conclusion of o t h e r s  who s tud ied  t h e  sub jec t  (F inne r ty ,  
Witkin and Fazekas, 1954; Fazekas, Albert  and Alman, 1955). 

There i s  no d e t a i l e d  information i n  t h e  l i t e r a t u r e  on the  e f f e c t  of ch lo r ­
promazine on t'ne coronary c i r c u l a t i o n .  The f e w  a v a i l a b l e  s t u d i e s  mostly i n ­
volved the  use of t h e  i s o l a t e d  h e a r t  p repa ra t ion .  Courvoisier e t  a l .  
(Courvoisier , Fournel ,  Ducrot, Kolsky and Koetschet,  1953) i n  experiments with 
perfusion of an i s o l a t e d  (by  Langendorf ' s method) h e a r t  f oucd t h a t  chlorproma­
zine increased drainage f'rom the  ca rd iac  v e s s e l s  when it w a s  added t o  the  pe r ­
f u s a t e  i n  high conzentrat ions.  A t  t h e  same time it decreased the  amplitude of 
cardiac con t r ac t ions .  S imj l a r ly ,  Melvi l le  (1954) observed an increase i n  d r a i n ­
age from t h e  coronary v e s s e l s  during perfusion of an i s o l a t e d  rabbi t  h e a r t  only 
when chlorpromazine w a s  used i n  high concentrat ions,  which r e s u l t e d  i n  marked 
i n h i b i t i o n  of cardiac a c t i v i t y .  

W i t z l e b  and Budde (1955)round i n  experiments with the  hear t - lung prepa­
r a t i o n  t h a t  l a r g e  doses of chlorpromazine (5-20 mg/kg) r e s u l t e d  i n  a s l i g h t  i n ­
crease i n  the  coronary flow without a f f e c t i n g  t h e  ca rd iac  output o r  rate.  I n  
t h e  case of t h e  h e a r t  i n  s i t u ,  t h e  drug, according t o  these  same authors ,  w a s  
l e s s  po ten t .  However, t h i s  s o r t  of comparison i s  s c a r c e l y  acceptable because 
the  authors  used l a r g e r  doses i n  experiments with the hear t - lung preparat ion 
than i n  those with t h e  h e a r t  i n  s i t u .  

The most d e t a i l e d  information i s  found i n  t h e  work of Maxwell e t  al. 
( M a x w e l l ,  Rowe, C a s t i l l o ,  S i h u s t e r ,  White and Crumpton, l958), who inves t iga t ed  
the e f f e c t  of chlorpromazine on s e v e r a l  hemodynamic ind ices  i n  experiments on 
dogs. They found t h a t  t he  drug d i d  no t  s i g n i f i c a n t l y  change t h e  volume r a t e  of 
t h e  coronary flow. The phase blood flow decreased s l i g h t l y  as a r e s u l t  of t h e  
increase i n  ca rd iac  rate.  According t o  these  authors ,  chlorpromazine l ikewise 



f a i l e d  t o  change the ca rd iac  output and only s l i g h t l y  increased myocardial oxy­
gen consumption. Since t h e s e  e f f e c t s  developed under t h e  conditions of hypo-
t e n s i o n ,  c a l c u l a t i o n  of t h e  p e r i p h e r a l  r e s i s t a n c e  of t h e  coronary v e s s e l s  
showed. t h a t  it decreased s l i g h t l y .  

Some authors found t h a t  chlorpromazine had a p o s i t i v e  e f f e c t  on EKG 
changes i n  experimental  myocardial i n f a r c t  (Szabo, S o l t i ,  Rev, Re f i  and Maguesi, 
1957; Szabo, 1959; S .  Y a .  Kaplun and Y e .  G .  Kopteva, 1960). This w a s  a l s o  t h e  
conclusion of Cahn, Melon and Dubrasquet (1953) and Cahn and Melon (1954), who 
found t h a t  t h e  use of a l y t i c  c o c k t a i l  cons i s t ing  of chlorpromazine, prometha­
z i n e ,  and meperidine f avorab ly  a f f e c t e d  the course of experimental i n f a r c t  i n ­
duced i n  dogs by l i g a t i n g  the  descending branch of t h e  l e f t  coronary a r t e r y .  

Despite t h e  i n d i s t i n c t  vasod i l a to r  e f f e c t  of chlorpromazine on t h e  coro­
nary v e s s e l s  under experimental  condi t ions,  some authors  r epor t ed  success i n  
using t h e  drug t o  r e l i e v e  cardiac pa in  i n  f u n c t i o n a l  d i so rde r s  of the coronary 
c i r c u l a t i o n .  According t o  Argelander ( 1954) , the  d a i l y  adminis t ra t ion of 75­
300 mg reduced pain considerably and improved the condi t ion of p a t i e n t s  with 
symptoms of coronary i n s u f f i c i e n c y .  Petzold and Huth (1954) t r e a t e d  angina pec­
t o r i s  with s l e e p  therapy, chlorpromazine, and promethazine, which r e l i e v e d  coro­
nary spasms f o r  a long t i m e .  

According t o  some c l i n i c a l  r e p o r t s ,  chlorpromazine and combinations 
thereof  with other  phenothiazine d e r i v a t i v e s  and ana lges i c s  a re  e f f e c t i v e  
aga ins t  myocardial i n f a r c t ,  for they r e l i e v e  pa in  and improve the p a t i e n t s '  
gene ra l  condi t ion.  I n  some instances they  normalize the  EKG (Heinecker, 1934; 
Ducning, 1954; Roisin e t  a l . ,  1934; Brous te t ,  Bricand, e t  a l . ,  1955; A .  A .  
Krim,hik,  19'17;P. L .  Sukhanin and V .  P .  Chuchkalov, 1938)., 

Thus, the c l i n i c a l  observat ions on the use of chlorpromazine for d i so rde r s  
of t he  coronary c i r c u l a t i o n  a re  not always c o n s i s t e n t  with t h e  experimental 
m a t e r i a l .  This inconsis tency may be due t o  the f a c t  t h a t  the r e l a t i v e l y  meager 
published d a t a  were mostly deri-ved from the i s o l a t e d  h e a r t  preparat ion.  The 
b e n e f i c i a l  e f f e c t  of chlorpromazine i n  c i r r u l a t o r y  d i s o r d e r s  i s  possibly the 
r e s u l t  of i t s  neuroplegic a c t i o n .  

A much more potent  spasmolytic and vasod i l a to r  wetit, judi';ing by t h e  l it­
e r a t u r e ,  i s  mepazine ( p a c a t a l )  . Possessing l e s s  hypo-tensi-ve ac t ion  than ch lo r ­
promazine, i t  increases  the  volume r a t e  of the blood f l - o w  i n  the vessels  of t h e  
i n t e s t i n e ,  spleen,  kidr,eys, and e x t r e m i t i e s .  I t s  vasod i l a to r  e f f e c t  i s  iriunedi­
ate b u t  t r a n s i e n t  ( A r e n s  ar:d IzTitzleb, 19,j). The data on i t s  e f f e c t  on the  
ca rd iac  ves se l s  are  contradicAdory.  Nieschiilz, Popendi ker and S:lr-k (1934) found 
t h a t  t h e  drug d i l a t e d  only sliL-kitly the v e s s e l s  of  t he  r a b b i t  herwt !n the 
Langendorf p repa ra t ion ,  whereas Cahn and Melon (19,;4) found t h a t  i t .  d: s t i n c t l y  
increased the outflow from t h e  ves se l s  of t h e  i s o l a t e d  h e a r t .  Kopt' (I?:):)) and 

Witzleb and Budde (1953) a l s o  noted marked ca rd iac  vascular  d i l a t a t io r :  i r-~diised 
by the  drug i n  the hea r t - lung  p repa ra t ion .  

A s  demonstrated by Nieschulz,  Popendiker and Hoffman (19j5) ,  mepazine can 
prevent coronary spasms i n  rats induced by p i t u i t r i n .  Thus, t h e  e f f e c t  of t h i s  
drug on t h e  coronary v e s s e l s  i s  most evident  i n  experiments on i n t a c t  a n i m a l s  
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subjec ted  t o  experimental  impairment of t he  coronary c i r c u l a t i o n .  This  i s  con­
firmed by c l i n i c a l  f i nd ings  t h a t  mepazine reduces pa in  caused by coronary spasm 
(Kleinsorge and REsner, 1956; Brogl ie  and Jorgensen, 1954; Bockel, 1955; 
Brogl ie ,  Jorgensen and Voss, 1956). 

The l i terature we  c i t e d  cha rac t e r i ze  chlorpromazine and mepazine as agents  
capable of ac t ing  favorably  on t h e  blood c i r c u l a t i o n  i n  var ious vascular  re­
gions and of improving t h e  myocardial blood supply.  However, t h e  meager exper­
imental  d a t a  and, i n  some cases ,  t h e i r  disagreement wi th  c l i n i c a l  observat ions 
r equ i r e  a more d e t a i l e d  inves t iga t ion  of t h e  e f f e c t  of these  drugs on t h e  coro­
nary c i r c u l a t i o n .  This  led us  t o  undertake a comparative s tudy of s e v e r a l  phe­
nothiazine d e r i v a t i v e s .  To obta in  an i d e a  of t h e  changes they produce i n  the  
myocardial blood supply,  w e  used a v a r i e t y  of experimental  procedures: record­
ing  of the volume rate of the coronary flow and r e s i s t a n c e  of the coronary 
vesse l s  t o  the  f low,  s tudy  of the capac i ty  of t h e s e  compounds t o  prevent  or re ­
l i e v e  experimental  coronary spasms induced by p i t u i t r i n .  The last series i n ­
cluded acute and chronic experiments. I n  t h e  acute  experiments w e  eva lua ted  
the i r  capac i ty  t o  terminate  p i tu i t r i n - induced  ( 2  U/kg) coronary spasms. We 
judged changes i n  t h e  myocardial blood supply from changes i n  the  volume rate 
of the  blood flow. P i t u i t r i n  sharp ly  reduced the  drainage of blood from the  
coronary s inus  of c a t s .  The substances were administered while p i t u i t r i n  w a s  
manifesting i t s  g r e a t e s t  e f f e c t ,  i . e . ,  at t h e  he igh t  of the  spasm. I n  t h e  
chronic experiments on c a t s  and rats, w e  s tud ied  the  a b i l i t y  of t h e  drugs t o  
prevent p i t u i t r i n  spasms of the  coronary v e s s e l s ,  eva lua t ing  the  changes i n  
myocardial blood supply from the  EKG changes. The method of inducing a p i t u i ­
t r i n  spasm w a s  descr ibed i n  d e t a i l  above ( p .  32 ) .  

1. Chlorpromazine and Mepazine 

The experiments showed t h a t  a 1mg/kg dose of chlorpromazine s l i g h t l y  i n ­
creased the  volume rate of t he  coronary flow above the  o r i g i n a l  l e v e l  (by  13-15 
pe rcen t ) .  Blood pressure  meanwhile dropped 30-35 percent  and remained a t  t h i s  
very low l e v e l  f o r  1 t o  1-1/2hours af ter  the  drug w a s  administered. A 2 mg/kg 
dose of chlorpromazine increased the  e f f e c t  t o  20-30 percent .  S t a t i s t i c a l  
processing of the  r e s u l t s  of these  experiments revealed t h a t  the 2 mg/kg dose 
increased the  volume rate  of the coronary flow 22 h 5.6 percent  (average of 6 
experiments) ( f i g .  2 4 ) .  The increase i n  blood flow w a s  accompanied, however, 
by a sharp drop i n  blood pressure (64 f 6.4  percent  i n  the same experiments) 
and decrease i n  amplitude of card iac  con t r ac t ions .  The e f f e c t  lasted about 
1-1/2hours.  The 2 mg/kg dose w a s  optimum because a f u r t h e r  increase not  only 
d id  not i n t e n s i f y  t h e  e f f e c t ,  it sometimes even reduced t h e  outflow of blood 
from the  coronary s inus .  T h i s  e f f e c t  developed uniler +,he condi t ions of marked 
hypotens ion . 

The experiments i n  which the e f f e c t  of ch.lorpromazine on the  r e s i s t a n c e  of 
t he  c31";rix-y ves se l s  w a s  inves t iga ted ,  showed tha t  a 2 mg/kg dose markedly de­
creased (by  40 4 8 percent )  the  tone of the  ca rd iac  ves se l s  while sharp ly  lower­
ing  blood pressure .  

Table 12  p resen t s  d a t a  i l l u s t r a t i n g  t h e  e f f e c t  of chlorpromazine on the 
volume ra te  of the coronary flow, r e s i s t a n c e  of t h e  ca rd iac  vesse ls ,  and blood 
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F igure 24. E f f e c t  of chlorpromazine ( 2  mg/kg) on the volume r a t e  
of the  coronary flow, blood pressure ,  and amplitude of card iac  
c o n t r a c t i o n s .  
Top t o  bottom: amplitude of cardiac cont rac t ions ,  blood pressure ,  
volume r a t e  of coronary f low,  m a r k  of adminis t ra t ion of t he  agent ,  
time mark--? s ec .  a--background and admin i s t r a t ion  of t he  agent; 
b--5 min a f t e r  adminis t ra t ion.  

p r e s s u r e .  A comparison of the mean f i g u r e s  r e f l e c t i n g  the changes i n  these  
values a f t e r  admin i s t r a t ion  of t he  drug shows that it markedly d i l a t e d  the  ca r ­
d iac  v e s s e l s  (and lowered t h e i r  r e s i s t a n c e  t o  t h e  blood f low) .  However, vaso­
d i l a t a t i o n  i n  o ther  regions produced severe hypotension, r e s u l t i n g  i n  a s l i g h t  
increase  i n  the volume of blood passing through the  card iac  vesse ls  i n  a u n i t  
of time, d e s p i t e  the  d i l a t a t i o n  of t h e  cardiac ves se l s .  When the  dose of 
chlorpromazine w a s  increased ,  hypotension i n t e n s i f i e d  and i n s t e a d  of t h e  ex­
pec ted  growth i n  the  myocardial blood supply, t he  opposite o f t e n  happened, i . e . ,  
t he  blood flow i n  the  coronary v e s s e l s  diminished. O u r  assumption t h a t  chlor­
promazine might be more e f f e c t i v e  during spasm of the coronary v e s s e l s  w a s  
borne out by experiments. A 2 mg/kg dose of chlorpromazine i n j e c t e d  a t  the  
time of maximum decrease i n  outflow of blood from the coronary s inus  a c t u a l l y  
increased it. However, t h e  spasm w a s  not  completely r e l i e v e d .  The volume rate 
of t he  coror ry  flow w a s  r e s t o r e d  t o  only 75-80 percent  of t he  o r i g i n a l  l e v e l .  
When the  dose w a s  r a i s e d  t o  3 mg/kg, the  drug ' s  e f f e c t i v e n e s s  d i d  not increase ,  
apparent ly  because of t he  sharp drop i n  blood pressure and decrease i n  ampli­
tude of card iac  cont rac t ions  observed under these  condi t ions.  

Mepazine proved t o  be much more a c t i v e  a g a i n s t  t he  card iac  blood supply. 
A 2 mg/kg dose increased the  volume r a t e  of the  coronary flow 3O-h.O percent  
while s l i g h t l y  lowering the  blood pressure (20-25 percent  below the  or ig ina l  
l e v e l ) .  Inc reas ing  t h e  dose t o  5 mg/kg i n t e n s i f i e d  the  e f f e c t .  S t a t i s t i c a l  
p rocess ing  of t he  r e s u l t s  of these  experiments showed t h a t  the  mean increase  i n  
volume r a t e  of t h e  blood flow after a 5 mg/kg dose of mepazine w a s  58 f 5.9 per­
cent .  Blood pressure i n  the same experiments dropped 25 f 2.3 percent below t h e  
o r i g i n a l  l e v e l .  The e f f e c t  p e r s i s t e d  70-90 min. 
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TABLE 12. EFFECT OF PHENOTHIAZINE DERIVATIVES (CHLORPROMAZINE, MEPAZINE, AND CHLORACIZIN) 
ON THE VOLUME RATE OF THE CORONARY FLOW, RESISTANCE OF TKE CORONARY VESSELS TO TIE, BLOOD 
FLOW, AKD BLOOD PRESSURE. (MEAN DATA I N  PERCENTAGES OF TKE ORIGINAL LEVEL WITH TBE STAND­
ARD ERROR) 

Mean values 
Dose Mean values Mean values 

UI Agent i n  of change Confidence of change Confidence Of change Confidencei n
i n  l i m i t s  i n

%/kg blood flow r e s i s t ance  
l i m i t s  blood limits 

pressure 

Chlorpromazine 2 +22 k 5.6 6.4-37.6 -40f. 8 18-62 -64f 64 46.3-81.7 
Mepaz ine 5 +% f 5.9 44.7-71.3 -18f 1 15.7-20.2 -25f 2.3 19.8-30.2 
Chlor  aci z  i n  5 +90 f 9-2 70.5-109.5 -41f 4.6 30-2-52.8 + 4 f 2.2 I -0.6 f 8.6 
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The r e s i s t a n c e  of t he  coronary v e s s e l s  diminished under the  inf luence of 
mepazine. The e f f e c t  w a s  n o t  ve ry  pronounced because r e s i s t a n c e  of' t h e  card iac  
v e s s e l s  after a 5 mg/kg dose dropped 18 f 1 percent  (mean d a t a  of 10 exper i ­
ments).  A compasison of t h e  mepazine-induced changes i n  the  r a t e  of t h e  coro­
nary flow, r e s i s t a n c e  of t h e  coronary v e s s e l s ,  and blood pressure revealed t h a t ,  
d e s p i t e  i n d i s t i n c t  d i l a t a t i o n  of t h e  card iac  v e s s e l s ,  t he  condi t ions of t he  myo­
c a r d i a l  blood supply w e r e  improved by the  admin i s t r a t ion  of mepazine ( t a b l e  12) .  

Mepazine w a s  even more e f f e c t i v e  during a p i t u i t r i n - i n d u c e d  spasm of t h e  
card iac  v e s s e l s .  When i n j e c t e d  a t  t h e  time of maximum decrease i n  the  coronary 
flow induced by p i t u i t r i n ,  mepazine ( 5  mg/kg) not only completely r e l i e v e d  t h e  
spasm of t h e  cardiac v e s s e l s ,  bu t  sometimes s l i g h t l y  increased the  outflow of 
blood from the coronary s inus  above the o r i g i n a l  l e v e l  ( f i g .  25) .  

Mepazine proved t o  be e q u a l l y  e f f e c t i v e  when t e s t e d  on a model of p i t u i ­
t r i n  spasm of the  coronary v e s s e l s  induced i n  a chronic experiment. When i n ­
.jected intravenously ( 2  U/kg) i n t o  c a t s  and rats, it gene ra l ly  produced the  EKG 
changes c h a r a c t e r i s t i c  of an impaired myocardial blood supply: changes i n  pos i ­
t i o n  of t h e  S-T negment r e l a t i v e  t o  t h e  i s o e l e c t r i c  l i n e ,  change i n  the shape 
an? s i z e  of t he  T wave, and, f i n a l l y ,  d i s rupt ion  of the cardiac rhytnm due t o  
myocardial hypoxia. Three days a f t e r  conclusion of the  cont ro lexper iment  wi th  
the  admin i s t r a t ion  of p i t u i t r i n  alone, the  same animals received mepazine 3-5 
m i n  before  p i t u i t r i n .  A c o n t r o l  experiment w a s  performed 2 or 3 days l a t e r .  
Judging by the  EKG data, pre l iminary  i n j e c t i o n  of mepazine prevented coronary 
spasm. It e i t h e r  f a i l e d  t o  develop at a l l  or w a s  much weaker than i n  t h e  con­
t r o l .  The e f f e c t i v e n e s s  of mepazine aga ins t  p i t u i t r i n  spasm was far g r e a t e r  

F igure  25.  E f f e c t  of mepazine ( 5  mg/kg) on t h e  volume rate of t he  coronary 
flow, blood p res su re ,  and amplitude of cardiac cont rac t ions  during spasm of 
t h e  coronary v e s s e l s  induced by p i t u i t r i n  (uni t /kg)  . 
Top t o  bottom: amplitude of card iac  cont rac t ions ,  blood pressure ,  volume 
r a t e  of coronary flow, m a r k  of adminis t ra t ion of t h e  agent,  t i m e  mark--? 
sec.  a--background and adminis t ra t ion of t h e  agent; b--90 min after admin­
i st ra t  ion. 



t han  t h a t  of chlorpromazine, which prevented arrhythmia,  b u t  no t  the  EKG 
changes i n d i c a t i v e  of an i n s u f f i c i e n c y  of t h e  myocardial blood supply.  

Thus, our i n v e s t i g a t i o n s  showed t h a t  mepazine i s  capable of i nc reas ing  the  
myocardial blood supply and, as such, seems t o  be a promising agent f o r  the  
treatment of d i sorders  of the  coronary c i r c u l a t i o n .  

2. Chloracizin 

I n v e s t i g a t i o n s  on t h e  r e l a t i o n s h i p  between t h e  chemical s t r u c t u r e  and 
pharmacological ac t ion  of severa l  phenothiazine d e r i v a t i v e s  showed t h a t  the  sub ­
s t i t u t i o n  of dialkylaminoacyl r a d i c a l s  i n  t h e  s i d e  chain f o r  dialkylaminoalkyl 
r a d i c a l s  i n t e n s i f i e s  t h e i r  spasmolytic p r o p e r t i e s  (Yu. I .  Vikhlyayev, 1958; 
Dahlbom and Ekstrand, 1951). I n  the  I n s t i t u t e  of Pharmacology and Chemotherapy 
of t he  USSR Academy of Medical Sciences,  S .  V. Zhuravlev and A.  N .  Gritsenko 
( 1956) synthesized s e v e r a l  dialkylaminoacyl phenothiazine d e r i v a t i v e s .  During 
the  search f o r  new and e f f e c t i v e  vasod i l a to r  agents we  s tud ied  the a c t i v i t y  of 
these compounds as agents capable of increas ing  the  card iac  blood supply. Per­
haps t h e  most ac t ive  of these  compounds on t h e  card iac  v e s s e l s  w a s  10 (B­
diethylaminopropionyl) -2-chlorophenothiazine - c h l o r a c i z i n .  

S 

Our experiments showed t h a t  ch lo rac i z in  can increase  the cardiac blood 
supply. Even after doses of 2-2.5 mg/kg, t he  volume r a t e  of t h e  coronary flow 
increased 70-75percent ,  and after a 5 mg/kg dose it increased 100 percent o r  
more above the  o r i g i n a l  l e v e l  ( f i g .  26a) .  S t a t i s t i c a l  processing of t he  re­
s u l t s  of the experiments revealed t h a t  the  5 mg/kg dose increased the  outflow 
of blood from the  coronary s inus  90 f 9.2 percent  on t h e  average ( i n  17 exper i ­
ments). Blood pressure u s u a l l y  dropped 20-25 percent  immediately a f t e r  the 
drug w a s  administered, bu t  2-3 min l a t e r  it re tu rned  t o  normal or a l i t t l e  
above. The e f f e c t  of ch lo rac i z in  on the card iac  vesse ls  l a s t e d  60-70min on 
the  average. 

The r e s i s t a n c e  of the cardiac vesse ls  decreased sha rp ly  under the i n f l u ­
ence of ch lorac iz in .  I n  a 2 mg/kg dose it reduced r e s i s t a n c e  28 f 2 percent and 
i n  a 5 mg/kg dose, 41 * 4.6 percent below the  o r i g i n a l  l e v e l  (mean d a t a  of 7 
experiments) ( f i g .  26b). 
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Figure  26a. E f f e c t  of c h l o r a c i z i n  ( 5  mg/kg) on the volume 
rate of the coronary f low,  blood p res su re ,  and amplitude 
of cardiac c o n t r a c t i o n s .  
Top t o  bottom: amplitude of cardiac con t r ac t ions ,  blood 
p res su re ,  volume ra te  of coronary flow, mark of adminis­
t r a t i o n  of t h e  agent,  t i m e  mark--5 sec.  a--background and 
adminis t ra t ion of ch lo rac i z in ;  b--65 min after adminis t ra­
t i o n .  
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Figure  26b. E f f e c t  of ch lo rac i z in  ( 2  mg/kg) on r e s i s t a n c e  
of t h e  coronary v e s s e l s .  
Top t o  bottom: perfusion pressure ( resis togram) , blood 
p res su re ,  mark of adminis t ra t ion of t h e  agent,  time mask-­
5 s e e .  
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Figure 29. E f f e c t  of ch lo rac i z in  ( 5  mg/kg) on t h e  volume rate 
of t h e  coronary flow and on myocardial oxygen consumption. 
Ordinate: a--arterial p re s su re  i n  mm Hg;  b--oxygen content  of 
arterial blood and coronary s inus  blood, i n  percentages;  
e - - so l id  l i n e :  volume rate of coronary flow i n  percentages of 
the o r i g i n a l  l e v e l ;  broken l i n e :  ca rd iac  consumption of oxy­
%en from blood drained by  t h e  coronary s inus ,  i n  percentages 
of t h e  o r i g i n a l  l e v e l .  Abscissa: t i m e  i n  minutes. 

Cardiac output  w a s  s tudied i n  chronic experiments on dogs using 
G r o l l m a n '  s acetylene method ( 1932) i n  Khrenov' s modif icat ion ( 1946) . The method 
i s  based on the  p r i n c i p l e s  of F i c k  and Bornstein.  According t o  F i c k ,  t h e  ca r ­
d i ac  output i s  ca l cu la t ed  from experimental ly  der ived values of t h e  a r t e r i o v e ­
nous d i f f e rence  and minute oxygen consumption. F i c k '  s formula: 

oxygen consumption i n  1.- ~mincardiac output = a r t e r i o v e n o u s x y g m e r e n c e  * 

The i d e a  of i nha l ing  i n d i f f e r e n t  gases t o  determine the  ar ter iovenous 
d i f f e rence  w a s  conceived by Bornstein.  Grollman's method i n  Khrenov's modifi­
ca t ion  involves a mean e r r o r  of 20 percent  and i s  i n f e r i o r  i n  t h i s  r e s p e c t  t o  
F i c k ' s  method. However, it does no t  r e q u i r e  c a t h e t e r i z a t i o n  of the pulmonary 
m t e r y ,  securing of t h e  animal, and anes thes i a ,  as F i c k ' s  method does, and it 
permits dynamic i n v e s t i g a t i o n  of t he  ca rd iac  output many times i n  t h e  same 
animal. 
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Study of the ca rd iac  output  by t h i s  method c o n s i s t s  of t h e  following s t eps :  
(1) determinat ion of gas  exchange, (2)  i n h a l a t i o n  of a gas  mixture cons i s t ing  
of 8-10 percent  acetylene and 20 percent  oxygen, (3)  c o l l e c t i o n  of a sample of 
t h e  exhaled mixture,  ( 4 )  a n a l y s i s  of the exhaled air , ( 5 )  ana lys i s  of the i n i ­
tial and exhaled mixture, and (6)  mathematical processing of t h e  r e s u l t s .  

The composition of t h e  exhaled air w a s  i n v e s t i g a t e d  i n  a Haldane apparatus.  
The r e s u l t s  w e r e  used t o  calculate t h e  ar ter iovenous oxygen d i f f e rence  (AOD) 
which, according t o  Lindgard, i s  expressed f o r  acetylene by the  formula: 

AOD = h- i ( 0  - 48.1).0.00971, 
g 

where h i s  1percent  oxygen d i f f e r e n c e  between the f i r s t  and second samples of 
the mixture,  g the same acetylene d i f f e r e n c e ,  and B t h e  barometric p re s su re .  

. c + c l  
1 =  2 

where C and C1 are the concentrat ions of acetylene i n  the f i r s t  and second sam­
p l e s  of t h e  mixture.  

During the experiments changes were measured i n  ar ter ia l  p re s su re ,  pulse  
and r e s p i r a t o r y  rates, and EKGs w e r e  recorded. The dogs w e r e  i n j e c t e d  in t r ave ­
nously w i t h  1-1.5mg/kgl of c h l o r a c i z i n .  The minute volume w a s  determined be­
f o r e  adminis t ra t ion of the drug, 5 and 40 min l a t e r .  The r e s u l t s  are summarized 
i n  table 13.  

If, i s  evident  from the table t h a t  the cardiac output  under the inf luence 
of c h l o r a c i z i n  increased only s l i g h t l y ,  averaging 15 f 6 percent  above the 
o r i g s n a l  l e v e l  i n  5 experiments.  Judging by t h e  s ign i f i cance  of the mean d i f ­
f e rence ,  the  inc rease  i n  output  w a s  no t  s t a t i s t i c a l l y  s i g n i f i c a n t  ( p  > 0.05 
w i t h  t = 2 . 2 5 ) .  

Knowing t h e  values of t he  ca rd iac  output and arterial  p re s su re ,  w e  were 
able t o  c a l c u l a t e  ca rd iac  a c t i v i t y  from the formula: 

2 
w = 1 3 . 6 . ~ ~ ~+ px,

2g 

where Q i s  t h e  output ,  R arterial  p res su re ,  p weight of e j e c t e d  blood, v rate 

2 
a t  which blood i s  e j e c t e d ,  g a c c e l e r a t i o n  of g r a v i t y ,  and pv expression of the 

2g 

'Since the experiments w e r e  performed under chronic cond i t ions  without anesthe­
s i a ,  the doses of c h l o r a c i z i n  used were smaller than i n  the acute  experiments. 

97 



Gas exchange 
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86 
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20 
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khloracizin was injected intravenously in a dose of 1 mg/kg. The determinations were made 5 min after 
injection. 
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k i n e t i c  energy developed by  the h e a r t .  (Since t h i s  energy w a s  i n s ign i f i can t ,  
it w a s  ignored i n  the  c a l c u l a t i o n s . )  

Inasmuch as c h l o r a c i z i n  does n o t  cause s i g n i f i c a n t  changes i n  a r t e r i a l  
p ressure ,  cardiac a c t i v i t y  changes i n  proport ion t o  t h e  change i n  output.  The 
f i g u r e s  i n  table 13 show t h a t  t h e s e  changes were s l i g h t ,  averaging 4.4 f 1per­
cent  w i t h  confidence l i m i t s  of 1.62-7.18. 

Thus, ch lo rac i z in  improves the  blood supply condi t ions of t h e  h e a r t ,  f o r  
it g r e a t l y  increases  the  volume r a t e  of the  coronary flow without s e r i o u s l y  af­
f e c t i n g  cardiac a c t i v i t y .  Moreover, unl ike most v a s o d i l a t o r s ,  ch lorac iz in  dur­
ing the f i r s t  phase of i t s  a c t i o n  (12-15 min after adminis t ra t ion)  acce lera tes  
the volume r a t e  of the  coronary flow without a t  t h e  sarm time increasing the 
amount of oxygen consumed by the  h e a r t .  

It i s  f a i r  t o  conclude from an ana lys i s  of t h e  e f f e c t  of ch lorac iz in  on 
the coronary c i r c u l a t i o n  that  i t s  a b i l i t y  t o  dilate the  coronary v e s s e l s  plays 
an important r o l e  i n  inc reas ing  the myocardial blood supply. 

We thought it would be i n t e r e s t i n g  t o  determine t h e  mechanism responsible  
f o r  i t s  ac t ion  on the card iac  ves se l s .  We f i r s t  had t o  f i n d  out whether it i s  
due t o  the  myotropic e f f e c t  o r  t o  i t s  inf luence on nervous r egu la t ion  of coro­
nary vascuiar t o w .  T h a t  ch lo rac i z in  has myotropic ac t ion  i s  beyond question 
f o r  two reasons.  F i r s t ,  i n  experiments on i s o l a t e d  segments of the i n t e s t i n e ,  
it w a s  found t o  r e l a x  the smooth muscles. Secondly, experiments w i t h  perfusion 
of t h e  i s o l a t e d  c a t  h e a r t  showed t h a t  it increased drainage from the  coronary 
v e s s e l s  40-45percent above the o r i g i n a l  l e v e l .  Thus, we had t o  determine 
whether the e f f e c t  of ch lo rac i z in  on nervous r egu la t ion  of blood flow i n  the  
coronary v e s s e l s  i s  of any s igni f icance  i n  manifesting i t s  vasod i l a to r  e f f e c t .  

Since the  vasomotor tone of t he  coronary vesse ls  i s  due t o  the  sympathetic 
nervous system ( t h e  vagus nerves apparent ly  a re  not d i r e c t l y  involved i n  regu­
l a t i n g  the  tone of t h e  cardiac v e s s e l s ) ,  we began by studying the  mechanism of 
ac t ion  of ch lorac iz in  on the  cardiac v e s s e l s  w i th  experiments i n  which the  dmg 
w a s  administered i n  a 5 mg/kg dose a f t e r  denervation of t h e  h e a r t  ( i . e . ,  a f te r  
removing the  s t e l l a t e  and f o u r  thorac ic  sympathetic gang l i a  and dividing the  
c e r v i c a l  sympathetic nerves) . 

The: , r e s u l t s  of t h i s  s e r i e s  of experiments were compared w i t h  those obtained 
a f t e r  administering the  s a m  dose of c h l o r a c i z i n  t o  normal animals. We found 
that  the e f f e c t  of t h e  drug a f t e r  denervation of t he  heart w a s  much weaker, 
only one-third as powerful as under normal condi t ions.  I f  we accepted the prev­
a l e n t  view that the  vasomotor tone of t h e  coronary v e s s e l s  i s  low and assumed 
tha t  the  ac t ion  of ch lo rac i z in  i s  the  r e s u l t  of i t s  hampering or blocking the  
transmission of e x c i t a t i o n  t o  t h e  cardiac v e s s e l s ,  w e  would then have t o  ac­
count f o r  t h i s  great d i f fe rence  i n  the  e f f e c t s  of ch lo rac i z in  i n  normal and de­
nerva ted  animals. We can only conjecture  t h a t  t h e  lessened e f f e c t  of the drug 
may be due t o  some e x t e n t  t o  t h e  changes i n  cardiac a c t i v i t y  and myocardial 
metabolism produced by denervation. 
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Thus, our experiments i n d i c a t e  t h a t  the e f f e c t  of ch lo rac i z in  on the car ­
d iac  v e s s e l s  i s  due t o  i t s  spasmolytic (myotropic) ac t ion  combined wi th  i t s  
a b i l i t y  t o  hamper the transmission of e x c i t a t i o n  from the  sympathetic nerves t o  
the cardiac v e s s e l s .  O u r  next t a s k  w a s  t o  determine j u s t  which l i nk  i n  t h e  
chain of transmission i s  involved. Since it i s  d i f f i c u l t  when s t imu la t ing  t h e  
cardiac sympathetic nerves t o  d i f f e r e n t i a t e  changes i n  the  blood supply caused 
by the r e a c t i o n  of t h e  v e s s e l s  themselves from t h e  changes produced by e x t r a -
vascular f ac to r$ ,  we used as a model i n  c o n t r o l  experiments changes i n  resist­
ance of v e s s e l s  i n  the  ex t remi t ies  i n  response t o  s t imu la t ion  of t h e  divided 
abdominal sympathetic chain.  Rectangular impulses a t  a frequency of 5 cps 
(dura t ion  5 msec, amplitude 5-10 v) w e r e  used f o r  purposes of s t imula t ion .  
Resistance w a s  recorded b r  means of a perfusion pump. St imulat ion of t h e  ab­
dominal sympathetic chain sharply increased r e s i s t a n c e  i n  the vesse ls  of the 
ex t remi t ies .  Chloracizin i n  a dose of 2-2.5 mg/kg decreased the  i n t e n s i t y  of 
the  reac t ion  70-75 percent  and i n  a 5 mg/kg dose el iminated it e n t i r e l y .  Thus, 
t he  r e s u l t s  of these experiments showed t h a t  c h l o r a c i z i n  can hamper t h e  t r a n s ­
mission of e x c i t a t i o n  from the  sympathetic nerves t o  the  blood v e s s e l s .  

To determine whether t h i s  e f f e c t  i s  r e l a t e d  t o  the  drug's inf luence on the  
transmission of e x c i t a t i o n  i n  the  gang l i a  or i n  the  p e r i p h e r a l  adrenergic s t r u c ­
t u r e s ,  we s tudied  i t s  influence on the t ransmission of e x c i t a t i o n  from the  p o s t -

.ganglionic f i b e r s  t o  the  v e s s e l s  i n  the  e x t r e m i t i e s .  We recorded the  r e s i s t a n c e  
of t h e  vesse ls  supplying the  c a t  gastrocnemius. The animal w a s  anes the t i zed  
wi th  d i t i l i n e  (succinylchol ine chlor ide)  . Stimulat ion of t he  s c i a t i c  nerve 
with r ec t angu la r  impulses a t  a frequency of 10 cps ( d u r a t i o n  4 msec, amplitude 
20 v) sharply increased the  r e s i s t a n c e  of the  perfused vesse l s .  A 5 mg/kg dose 
e l i c i t e d  a much weaker r e a c t i o n  (80 percent  of t he  o r i g i n a l  va lue ) .  These ex­
periments showed t h a t  ch lorac iz in  has sympatholytic p r o p e r t i e s .  However, 
f u r t h e r  experiments revealed t h a t  sympatholytic and adrenolyt ic  e f f e c t s  cannot, 
i n  general ,  be combined. The blood pressure and r eg iona l  r e s i s t a n c e  r e a c t i o n s  
t o  epinephrine and norepinephrine a r e  not only not blocked by ch lorac iz in ,  bu t  
they a re  a c t u a l l y  i n t e n s i f i e d .  Hence, it i s  fair  t o  assume t h a t  t h e  sympatho­
l y t i c  e f f e c t  of ch lo rac i z in  i s  s i m i l a r  i n  mechanism of a c t i o n  t o  t h a t  of the  
sympatholytic agents capable of blocking the t ransmission of impulses from the  
endings of t he  adrenergic f i b e r s  t o  the e f f e c t o r s ,  causing t h e  s e c r e t i o n  of 
epinephrine and norepinephrine t o  diminish or cease.  According t o  a number of 
authors,  ce r t a in  choline e s t e r s  (Hey and Willey,  1954; Willey, 1957; Exley,
1957; Bain and F ie lden ,  1956) and quaternary benzylammonium salts (Boura and 
Green, 1959; Boura, Green, McCourbey, e t  a l . ,  1959) a l so  have t h i s  ac t ion .  It 
w i l l  be noted, however, t h a t  these substances ( p a r t i c u l a r l y  bre t i l ium)  have a 
marked hypotensive e f f e c t ,  whereas ch lo rac i z in  does not  change systemic a r t e ­
r i a l  pressure.  The reason  f o r  the lack of hypotensive e f f e c t  i s  presumably 
t h a t  ch lorac iz in  does not inf luence the  t ransmission of e x c i t a t i o n  from the  
sympathetic nerves t o  var ious e f f e c t o r s  with the  same i n t e n s i t y .  For example, 
i n  therapeut ic  doses (2-5 mg/kg) it does not change the  tone of the  t h i r d  eye­
l i d  i n  c a t s  subjected t o  e l e c t r i c  s t imu la t ion  of the c e r v i c a l  sympathetic nerve. 
It a f f e c t s  t h i s  o b j e c t  only when administered i n  massive, v i r t u a l l y  tox ic  doses 
(15-a  mg/kd 

The experiments descr ibed i n d i c a t e  t h a t  ch lo rac i z in  d i l a t e s  t he  coronary 
vessels through i t s  spasmolytic (myotropic) a c t i o n  and by hampering the  
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t ransmission of e x c i t a t i o n  t o  the  cardiac v e s s e l s  from the  endings of t h e  sym­
p a t h e t i c  nerves r e spons ib l e  f o r  t h e i r  t on ic  innerva t ion .  The c h o l i n o l y t i c  
p r o p e r t i e s  of the drug l ikewise p l a y  a definj+.e p a r t  i n  i t s  b e n e f i c i a l  e f f e c t  
on t h e  cardiac blood supply,  We based t h i s  conclusion on 5 experiments i n  which 
ch lo rac i z in  w a s  administerea t o  animals after they  were intravenously i n j e c t e d  
with atropine (1mg/kg) . Under t h e s e  condi t ions,  when t h e  c h o l i n o l y t i c  proper­
t ies  of c h l o r a c i z i n  were not  manifested, it had a less pronounced e f f e c t  on the  
volume r a t e  of t h e  coronary flow, which increased 56 f 10.2 percent ( a f t e r  
a t r o p i n i z a t i o n )  and 90 f 9.2 percent  under normal condi t ions.  Ch lo rac i z in ' s  
mechanism of c h o l i n o l y t i c  a c t i o n  on the  cardiac blood supply thus seems t o  be 
similar t o  the e f f e c t  of a t ropine .  

Our observations on c h l o r a c i z i n ' s  mechanism of ac t ion  on the  card iac  blood 
supply are  i n s u f f i c i e n t  t o  warrant drawing d e f i n i t e  conclusions regarding a l l  
t h e  manifestat ions of t h e  drug ' s  pharmacological a c t i o n  by which it r e a l i z e s  
t h i s  e f f e c t .  W e  can on ly  say  tha t  i t s  antispasmodic, c h o l i n o l y t i c ,  and sym­
p a t h o l y t i c  p r o p e r t i e s  p l a y  an important r o l e .  

Our observation that  ch lo rac i z in  i s  capable of improving the myocardial 
blood supply suggested t o  us the  p o s s i b i l i t y  of us ing  the  drug t o  t r e a t  coro­
nary c i r c u l a t o r y  d i s o r d e r s .  But f i r s t  we had t o  determine whether it is  supe­
r i o r  i n  t h i s  respec t  t o  the  agents a l ready known. We thought it necessary t o  
compare i t s  e f f e c t i v e n e s s  w i t h  t h a t  of t h e  drugs c u r r e n t l y  prescr ibed f o r  
angina p e c t o r i s ,  e .g . ,  papaverine,  t iphen (2-diethylaminoethyl diphenyl thio­
a c e t a t e  hydrochlor ide) ,  and n i t r o g l y c e r i n .  We used as a c r i t e r i o n  of e f f e c t ­
iveness  t h e i r  capaci ty  t o  increase  the  volume r a t e  of the coronary flow. The 
diagram i n  f i g u r e  30 i l l u s t r a t e s  the  a c t i v i t y  of 6 preparat ions--3 phenothia­
zine d e r i v a t i v e s  ( c h l o r a c i z i n ,  mepazine, and chlorpromazine) , papaverine, 
t iphen ,  and n i t r o g l y c e r i n .  The dosage w a s  c a l c u l a t e d  t o  produce a maximum i n ­
crease  i n  the  coronary flow without t o x i c  e f f e c t s .  The he igh t  of the columns 
corresponds t o  the  mean values  of t he  coronary flow i n  percentages of t he  ori­
g i n a l  l e v e l .  The confidence l i m i t s  a re  i n d i c a t e d  f o r  each s e r i e s  of experiments. 

It i s  evident from t h e  f i g u r e  t h a t  t h e  agents can be arranged i n  t h e  f o l ­
lowing order according t o  t h e i r  capac i ty  t o  increase  the volume r a t e  of the  
coronary flow: c h l o r a c i z i n ,  papaverine, mepazine, t iphen ,  chlorpromazine,. ,Bnd 
n i t r o g l y c e r i n . 1  The data showing tha t  ch lo rac i z in  i s  one of the  most e f f e c t i v e  
agents i n  inc reas ing  the  cardiac blood c i r c u l a t i o n  l ed  us t o  m a k e  a more de­
t a i l e d  study of i t s  pharmacological p r o p e r t i e s  as a prelude t o  a poss ib l e  recom­
mendation f o r  c l i n i c a l  use.  I n  i n v e s t i g a t i o n s  conducted j o i n t l y  wi th  Yu. I. 
Vikhlyayev (Yu .  I. Vikhlyayev and N .  V .  Kaverina, 1959), we found that the drug 
possesses marked spasmolytic and c h o l i n o l y t i c  a c t i o n ,  has low t o x i c i t y ,  and is  
r e a d i l y  t o l e r a t e d  by experimental  animals even a f t e r  prolonged adminis t ra t ion .  
An important p r a c t i c a l  f e a t u r e  of the drug i s  i t s  capac i ty  t o  c o r r e c t  card iac  
arrhythmia (Yu. I .  Vikhlyayev and N .  V .  Kaverina, 1958). 

'Note i n  the diagram t h e  inconsis tency between the  capac i ty  of n i t r o g l y c e r i n  t o  
increase  t h e  volume rate of the  coronary flow and i t s  c l i n i c a l  e f f e c t i v e n e s s .  
This matter w a s  s e p a r a t e l y  inves t iga t ed  and i s  d iscussed  i n  detai l  below. 
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Figure 30. D i a g r a m  i l l u s t r a t i n g  t h e  comparative a c t i v i t y  
of v a s o d i l a t o r  agents wi th  r e s p e c t  t o  t h e i r  inf luence on 
the  volume rate of the  coronary flow ( t h e  mean percentage 
of i n c r e a s e  i n  coronary flow i s  shown i n  the  s e r i e s  of 
experiments with t h e  conf'idence l i m i t s ) .  
1--chlor ac iz i n ;  2- -papaverine ; 3--mepazine ; 4 --t iphen ; 
5- -chlorpromazine ; 6--ni t roglycer  i n .  

We recommended c h l o r a c i z i n  f o r  c l i n i c a l  t r i a l s  because it combines spasmo­
l y t i c  and anti-arrhythmic ac t ion  wi th  t h e  capac i ty  t o  increase  the  card iac  
blood supply. Some i d e a  of i t s  therapeut ic  value may be gained from t h e  fol low­
i n g  c l i n i c a l  f i n d i n g s .  It w a s  gene ra l ly  used i n  the  treatment of p a t i e n t s  with 
severe forms of coronary i n s u f f i c i e n c y  complicated by a t h e r o s c l e r o s i s .  I n  some 
c l i n i c s  it w a s  given t o  p a t i e n t s  whose angina p e c t o r i s  w a s  neurogenic, func­
t i o n a l  i n  charac te r .  The p a t i e n t s  given the drug were mostly persons who had 
previously been unsuccessfu l ly  t r e a t e d  with agents o r d i n a r i l y  used f o r  angina 
p e c t o r i s  (papaverine,  n i t r o g l y c e r i n ,  v d i d o l ,  e t c . ) .  

The drug was used i n  capsule form because of i t s  mild l o c a l  i r r i t a t i n g  and 
anes the t iz ing  ac t ion  and t o  r u l e  out a psychotherapeutic e f f e c t .  Depending on 
the  form of t h e  d isease  and on the p a t i e n t ' s  impression of h i s  condi t ion during 
the  therapy per iod,  c h l o r a c i z i n  w a s  p re sc r ibed  i n  doses of 15-30 mg t o  be taken 
2-k t imes d a i l y .  Most of t h e  c l i n i c s  observed the  p a t i e n t s '  gene ra l  condi t ion,  
i n t e n s i t y  of pa in ,  and frequency of anginal  a t t acks .  The objec t ive  i n d i c e s  i n ­
cluded changes i n  t h e  EKG, a r t e r i a l  pressure,  and pulse .  For example, p a t i e n t s  
i n  the  therapy d i v i s i o n  of the  Pavlov I n s t i t u t e  of Physiology, USSR Academy of 
Sciences,  received 0.075 g of d i u r e t i n ,  0.03 g of papaverine, and 0.025 g of 
luminal ( 3  times d a i l y  f o r  4-10 days) .  The pulse  r a t e  and i n t e n s i t y  of anginal  
a t tacks  were c a r e f u l l y  considered. If the  t reatment  seemed i n e f f e c t u a l  and 
pain continued with t h e  same frequency and s e v e r i t y ,  ch lo rac i z in  w a s  p re sc r ibed  
i n  15-30 mg doses t o  be taken 3 times a day ( N .  A. Rekhtzamer, 1960). I n  the  
I n s t i t u t e  of Therapy, USSR Academy of Medicine, Ye .  V. E r ina  (1961) used bal l is­
tocardiography i n  add i t ion  t o  t h e  ordinary methods of observation. I n  t h e  Fac­
u l t y  Therapy C l i n i c  of the  Leningrad I n s t i t u t e  of P e d i a t r i c s ,  R .  S .  Ivanov 
(1960) provided the  p a t i e n t s  with ind iv idua l  cha r t s  on which they were t o  note 
t h e i r  subjec t ive  sensa t ions ,  frequency and s e v e r i t y  of anginal  a t t a c k s ,  and t h e  
e f f e c t s  of n i t r o g l y c e r i n  taken before  and during c h l o r a c i z i n  therapy. 

The r e s u l t s  of t r e a t i n g  p a t i e n t s  i n  6 c l i n i c s  were as fol lows.  Chloraci­
z i n  was given t o  287 persons wi th  d i f f e r e n t  forms of coronary insuf f ic ieney .  
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It had a b e n e f i c i a l  e f f e c t  i n  194 as shown by decreased frequency or  disappear­
ance of anginal  a t t acks ,  diminution of p a i n ,  and general  improvemnt.  The re­
s u l t s  w e r e  p a r t i c u l a r l y  good i n  t h e  p a t i e n t s  wi th  angina p e c t o r i s  a s soc ia t ed  
with coronary a t h e r o s c l e r o s i s .  According t o  Er ina  (1961), the  drug w a s  as ef­
f e c t i v e  i n  p a t i e n t s  w i th  t h e  e a r l y  ischemic s tage  of coronary a t h e r o s c l e r o s i s  
as i n  those  wi th  chronic coronary i n s u f f i c i e n c y  t h a t  r e s u l t e d  i n  casdiosclero­
s is .  This  w a s  a l s o  the  conclusion of S.  S.  Milovidova (1960). The drug w a s  
less e f f e c t i v e  i n  t reatment  of p a t i e n t s  s u f f e r i n g  frou a t h e r o s c l e r o s i s  com­
bined wi th  hypertension or from d i s e a s e s  t h a t  may lead  t o  t h e  neurogenic form 
of angina p e c t o r i s .  It w i l l  be noted t h a t  t he  p o s i t i v e  the rapeu t i c  e f f e c t  of 
c h l o r a c i z i n  w a s  accompanied i n  only a few cases  wi th  an improvemem i n  the EKG 
ind ices .  According t o  t h e  b a l l i s t o c a r d i o g r a p h i c  da t a ,  ch lo rac i z in  improved 
myocardial c o n t r a c t i l i t y  i n  p a t i e n t s  wi th  the ischemic stage of coronary athero­
s c l e r o s i s .  The drug had no e f f e c t  on arterial  pressure or on the  pu l se  rate. 
Chloracizin w a s  a l so  found t o  e l imina te  e x t r a s y s t o l e s .  I n  some p a t i e n t s  wi th  
a t h e r o s c l e r o s i s  of v e s s e l s  i n  the  lower e x t r e m i t i e s ,  it r e l i e v e d  the symptoms 
of i n t e r m i t t e n t  c laudica t ion .  

The g r e a t  mhjority of p a t i e n t s  r e a d i l y  t o l e r a t e d  t h e  t reatment ,  although 
t h e r e  were some s ide  e f f e c t s  i n  a few cases:  dryness of the  mouth, abdominal 
d i s t e n t i o n ,  nausea, headache, v e r t i g o ,  unsteady g a i t ,  p a r e s t h e s i a ,  noise  i n  t h e  
e a r s ,  and marked weakness. These symptoms usua l ly  appeared 20-30 min a f t e r  ad­
m i n i s t r a t i o n  of t he  drug b u t  t hey  d i d  not  last  more than 2-3 hours .  The 
p a t i e n t s  w i t h  hypertension and c l i n i c a l  symptoms of s c l e r o s i s  of the  c e r e b r a l  
v e s s e l s  were most prone t o  s u f f e r  from these  s ide  e f f e c t s .  

It i s  evident  from the  foregoing that  ch lo rac i z in  i s  an e f f e c t i v e  agent i n  
the  t reatment  of angina p e c t o r i s .  A p a r t i c u l a r l y  valuable f e a t u r e  i s  t h a t  it 
i s  ac t ive  aga ins t  t he  chronic forms of coronary insuf f ic iency ,  i . e . ,  i n  cases  
where most of the  a v a i l a b l e  agents are i n e f f e c t u a l .  

Considerable experience has been gathered i n  r ecen t  years  on the  c l i n i c a l  
use of ch lorac iz in .  I n  1960 the  Pharmacological Committee of t he  USSR Minis t ry  
of Health authorized the  r e l e a s e  of t he  drug f o r  broad medical u se .  



PART I1 

EFFECT OF PRARMACOLOGICAL AGENTS ON TRE CARDIAC BLOOD SUPPLY 

CHAPTER 1. SIGNIFICANCE OF REFLEXES I N  THE DEVELOPMENT OF 
ACUTE CORONARY INSUFFICIENCY (CLINICAL AND PHYSIOLOGICAL DATA) 

A g r e a t  m a n y  experimental  and c l i n i c a l  s t u d i e s  have d e a l t  with t h e  
pathogenesis and t reatment  of angina p e c t o r i s .  It is  now considered an estab­
l i shed  f a c t  t h a t  t h e  b a s i s  of angina p e c t o r i s  a t t a c k s  i s  acute coronary i n ­
suff5ciency,  which g ives  r ise  t o  myocardial ischemia.  Angina p e c t o r i s  i s  an 
acu te . l ack  of oxygen i n  c e r t a i n  po r t ions  of t h e  h e a r t  muscle accompanied by 
pain i n  the card iac  reg ion .  "Only a combination of acute myocardial ischemia 
and the c h a r a c t e r i s t i c  pain s i g n i f i e s  angina pec to r i s , "  ( G .  F .  Lang,  1935).
However, t h i s  d e f i n i t i o n  i s  appl icable  only t o  t h e  f i n a l  stage of a complex 
process based on the  i n t e r a c t i o n  of var ious mechanisms which, i n  combination, 
determine the c l i n i c a l  course of the d i f f e r e n t  forms of angina p e c t o r i s .  Ac­
cording t o  M .  S. Vovsi ' s  c l a s s i f i c a t i o n  (l99), angina p e c t o r i s  a r i s i n g  af ter  
acute coronary in su f f i c i ency  i s  due t o  neurovascular d i so rde r s  caused by 
organic ( a t h e r o s c l e r o s i s  or inflammatory l e s i o n s  of t h e  coronary a r te r ies )  or 
angioneurotic dysfunct ion of t he  mterial  system respons ib le  f o r  t he  ca rd iac  
blood 'supply.  It i s  gene ra l ly  held t h a t  acute  coronary in su f f i c i ency  i s  caused 
by dys'function of t h e  coronary ar ter ies ,  which r e s u l t s  i n  a d i s p a r i t y  between 
the  oxygen requirements and blood supply of t h e  myocardium. 

There have been a g r e a t  many inves t iga t ions  i n  r ecen t  years  on the  s i g ­
n i f icance  of impaired myocardial t i s s u e  metabolism i n  the  o r i g i n  of coronary 
insuf f ic iency .  This i n t e r e s t i n g  research  t rend  l e d  t o  the discovery of s eve ra l  
f a c t s  on changes i n  biochemical processes i n  the  myocardium t h a t  throw l i g h t  on 
the  pathogensis of coronary in su f f i c i ency  ( M .  Y e .  Rayskina, 1956,1957, 1958; 
Bing, 1959;Raab, 1953, 1959; o t h e r s ) .  A d i scuss ion  of t hese  matters i s  .beyond 
the  scope of our monograph. W e  wish only t o  mention t h a t ,  according t o  Raab 
(1953), angina a t t a c k s  r e s u l t  from t h e  accumulation of catecholamines i n  t h e  
myocardium, which sharp ly  increase  i t s  oxygen consumption and l e a d  t o  hypoxia. 
Hypoxia becomes very  severe i n  coronary s c l e r o s i s ,  a condi t ion  that reduces the  
capac i ty  of t h e  coronary vesse l s  t o  d i l a t e .  

The experimental  observat ions c i t e d  by Raab are of independent i n t e r e s t  i n  
apprais ing the  r o l e  of t he  sympathetic nervous system i n  myocardial metabolic 
changes. The p a r t i c i p a t i o n  of r e f l exes  i n  t h e  development of angina p e c t o r i s  
cannot be ru l ed  out  e s p e c i a l l y  s ince  the  pain assoc ia ted  with myockrdial hypoxia 
i s  independent of t he  underlying mechanism. It arises from s t imula t ion  of t h e  
a f f e r e n t  svstems which o r i g i n a t e  the  pa in  impulses. WQ - J  not understand why 
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Raab, i n  an a r t i c l e  dea l ing  wi th  adrenergic  and chol inerg ic  inf luences on myo­
c a r d i a l  metabolism (1959) ,writes: "The conception of coronary spasm w a s  a 
temporary hypothesis a t  a t i m e  when t h e  e f f e c t  of hypoxia on myocardial metabo­
l i s m  caused by the catecholamines w a s  s t i l l  unknown." 

The e x i s t i n g  m a s s  of experimental  and c l i n i c a l  material i n d i c a t e s  t h a t  
acu te  impairment of the coronmy c i r c u l a t i o n  and consequent pa in  i s  r e l a t e d  t o  
the vasomotor tone of t h e  coronary vesse l s ,  i n  which changes axe caused mainly 
by reflex inf luences spreading t o  these vesse l s .  The source of a f f e r e n t  i m ­
pulses  seems t o  be e i t h e r  the heart  i tsel f  or other  i n t e r n a l  organs, e s p e c i a l l y  
when func t iona l ly  altered by a pa thologica l  process .  Accordingly, t h e  i n v e s t i ­
ga t ions  designed t o  e l u c i d a t e  t h e  mechanisms of these reac t ions  can be divided 
i n t o  two groups. One includes the  s tud ie s  on the r e f l e x e s  a r i s i n g  a f te r  ex­
perimental  impairment of the coronary c i r c u l a t i o n .  Research i n  t h i s  d i r e c t i o n  
s tar ted i n  the  1930s when the i d e a  of myocardial ischemia as an e s s e n t i a l  p re ­
condi t ion f o r  the development of any form of angina p e c t o r i s  w a s  c l e a r l y  formu­
la ted f o r  the f i rs t  t i m e  (Keefer and Resnik, 1928; L e w i s ,  1932; G. F .  Lang, 
1935; o t h e r s ) .  

Experimental proof of t h i s  view w a s  provided by seve ra l  authors who ob­
served t h a t  coronary occlusion i n  nonanesthetized dogs produced pa in  accompa­
n ied  by a s e t  of r e a c t i o n s  i n d i c a t i v e  of an e x c i t e d  autonomic nervous system 
(Sut ton and King, 1928; Pearcy, P r i e s  and Van Allen,  1929; Sutton and Lueth, 
1930; Blumgart, Hoff, Landowne and Schles inger ,  1937) . These inves t iga to r s  
a l s o  found tha t  app l i ca t ion  of a l i g a t u r e  w a s  immediately followed not only by 
pa in  but  by EKG changes suggestive of impaired myocardial n u t r i t i o n .  Pain 
diminished only when l i g h t  anes thes i a  (morphine) w a s  used (S inger ,  1926) . 

The conclusion dram from these  experiments w a s  that ischemia a r i s i n g  from 
occlusion of a coronary vesse l  s t imula tes  the sensory nerve endings, causing 
both pain and f u r t h e r  d e t e r i o r a t i o n  of t he  myocardial blood supply. However, 
some inves t iga to r s  maintain t h a t  myocardial ischemia i s  not  the only mechanism 
responsible  f o r  pain i n  angina p e c t o r i s .  For  example, K a t z  and coauthors (Katz,
1935; K a t z ,  Mayne and Weinstein,  1938; Robertson and K a t z ,  1938) found t h a t  the 
nerve endings of t h e  a f f e r e n t  f'ibers, s t imula t ion  of which produces card iac  
pa in ,  are embedded not  only i n  the w a l l s  of the coronary vesse l s ,  bu t  i n  the  
nerve plexuses that  surround t h e m .  These authors  discovered t h a t  occlusion of 
a po r t ion  of the coronary a r t e r y  of nonanesthetized dogs c a r e f u l l y  separa ted  
f r o m t h e  surrounding t i s s u e s  d i d  not  produce sharp pa in ,  whereas compression of 
a v e s s e l  with i t s  surrounding t i s s u e  i n t a c t  d id .  

Other i nves t iga to r s  demonstrated t h a t  sudden t o t a l  occlusion of a coronary 
v e s s e l  may cause r e f l e x  c o n s t r i c t i o n  of o the r  ca rd iac  a r t e r i e s .  Manning e t  al. 
(Manning, McEachern and H a l l ,  1939, 1940) observed that occlusion of the an te ­
r i o r  descending branch of t h e  l e f t  coronary a r t e r y  k i l l e d  40 percent  of t h e  non­
anes the t ized  dogs as compared w i t h  only 10 percent  of t h e  anes the t ized  a n i m a l s .  
They be l ieve  that  the d i r e c t  cause of t h e  animals '  death w a s  a ref lex spasm of 
the c o l l a t e r a l  and s m a l l e r  arteries tha t  widened t h e  f i e l d  of myocardial 
ischemia . 



These f i n d i n g s  w e r e  confirmed by o t h e r  i n v e s t i g a t o r s  (Le  Roy and Snider ,  
1941; Le Roy, Fenn and G i l b e r t ,  l91!.2; B l u m g a s t ,  1947) who discovered t h a t  l i g a t ­
ing  the  r e f l e x  branch of t h e  l e f t  coronary a r t e r y  immediately c o n s t r i c t s  t he  
o ther  cardiac arteries. Le Roy e t  ELL. recorded t h i s  phenomenon on co lor  f i l m .  
They compared t h e i r  d a t a  with c l i n i c a l  observat ions where i n  many cases  of myo­
c a r d i a l  i n f a r c t  t h a t  immediately caused death,  h i s t o l o g i c a l  examination f a i l e d  
t o  r e v e a l  any marked changes i n  t h e  myocardial blood supply. The au thors  be­
l i e v e  t h a t  the reason f o r  the  sudden death of p a t i e n t s  wi th  a myocardial i n f a r c t  
may be  a r e f l e x  t h a t  c o n s t r i c t s  the  coronary v e s s e l s .  The a f f e r e n t  pathway of 
t h i s  r e f l e x  proceeds from the  s i te  of t he  i n f a r c t .  

N .  V .  I l ' i c h e v i c h  and V .  A. Kozak (1959) recorded EKG changes i n  dogs with 
an occluded coronary v e s s e l .  They found t h a t  a sudden t o t a l  occlusion of t he  
a r t e r y  immediately induced sharp changes i n  the  EKG, whereas gradual occlusion 
induced i n d i s t i n c t  charges.  They concluded t h a t  the  EKG changes a s soc ia t ed  with 
acute impairment of the myocardial blood supply a r e  r e f l e x  i n  na ture .  V .  V .  
F r o l ' k i s  (1959) reached a s i m i l a r  conclusion a f t e r  experiments i n  dhich changes 
i n  cardiac a c t i v i t y  caused by l i g a t i n g  one of t h e  coronary v e s s e l s  were weak­
ened by sec t ion  of ex t r aca rd iac  nerves.  

The presence of r e f l e x  vasoconstr ic tor  inf luences on the  coronary v e s s e l s  
a f t e r  l i g a t i o n  of o ther  cardiac a r t e r i e s  w a s  subsequently confirmed by expe r i ­
ments t h a t  were procedura l ly  more r igorous.  A. V .  Lebedinskiy e t  al .  recorded 
the  volume r a t e  of t h e  blood flow i n  one of t h e  cardiac a r t e r i e s  by the  thermo­
e l e c t r i c  method. They found t h a t  l i g a t i o n  of one of the coronary v e s s e l s  
caused a r e f l e x  decrease i n  the  coronary blood flow of o ther  cardiac a r t e r i e s  
( A .  V .  Lebedinskiy, V.  I. Medvedev and I. A. Peymer, 1953; A. D .  Golendberg,
1954; A. V. Lebedinskiy and V .  I .  Medvedev, 1947). It w i l l  be noted, however, 
t h a t  such a decrease w a s  not observed i n  a l l  t h e  experiments involving t h e  
l i g a t i o n  or  occlusion of a cardiac a r t e r y .  For example, Opdyke and S e l k u r t  
(1948) i n  an acute  experiment involving t h e  l i g a t i o n  of a cardiac a r t e r y  and 
recording of the blood flow i n  other  branches of t h e  coronary arteries observed 
a decrease i n  only 2 o u t  of 10 cases.  

Wang e t  a l .  (Wang, Frank, Kanter and Wegria, 1957) occluded a coronary 
a r t e r y  f o r  1-2 min, b u t  f a i l e d  t o  observe any r e f l e x  decrease i n  blood flow i n  
the descending and r e f l e x  branches of the  l e f t  coronary a r t e r y .  They b e l i e v e ,  
however, t h a t  t h e i r  experiments do not warrant r u l i n g  out  the  p o s s i b i l i t y  of 
r e f l e x  c o n s t r i c t i o n  of arteries because the  innervat ion of the  l a t t e r  may be 
impaired by the cannulas introduced t o  measure the  blood flow. 

Some experimental and c l i n i c a l  observations i n d i c a t e  t h a t  myocardial i n ­
f a r c t s  a r e  f r e q u e n t l y  complicated by acute i n s u f f i c i e n c y  of t he  blood supply of 
other  nonthrombosed v e s s e l s .  Most authors are i n c l i n e d  t o  ascr ibe  these  phenom­
ena t o  a r e f l e x  spasm of the  coronary vesse ls  r e s u l t i n g  from s t imula t ion  of t h e  
nerve endings i n  t h e  region of the i n f a r c t .  It i s  i n t e r e s t i n g  t o  note t h a t  i n  
these  cases the i n f a r c t  w a s  immediately followed by EKG changes ( T  wave and 
p o s i t i o n  of t h e  S-T segment ) at the  leads  cha rac t e r i z ing  the  state of those 
por t ions  of t he  myocardium l y i n g  beyond the  region of the  i n f a r c t  (Gilson and 
Day, 1953; Scherf and Boyd, 1955; D. Mend1 and N .  Kenedi, 19%). 
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The conclusion t o  be  drawn from t h e  l i t e r a t u r e  c i t e d  above i s  t h a t  impair­
ment of t h e  card iac  blood supply by  pathogenetic f a c t o r s  can o f t e n  be i n t e n s i ­
f i e d  by ref lexes t h a t  f a c i l i t a t e  the  development of acute  coronary insuf f ic iency .  

Reflexes o r i g i n a t i n g  i n  d i f f e r e n t  p a r t s  of t he  body and r e s u l t i n g  i n  change 
i n  the  coronary vascu la r  tone are another f a c t o r  t h a t  cont r ibu tes  t o  d e t e r i o r a ­
t i o n  of t h e  card iac  blood supply. 

There are many ins tances  i n  which experimental  d a t a  have been the  b a s i s  
f o r  c o r r e c t  evaluat ion of c l i n i c a l  observat ions.  But i n  the  case of v i s c e r a l  
r e f l e x e s  and t h e i r  inf luence on angina p e c t o r i s ,  t he  c l i n i c a l  observations were 
far ahead of t he  experimental  d a t a .  A century ago S. P. Botkin, a f t e r  observ­
ing  p a t i e n t s  w i th  angina pain diagnosed as having a f l o a t i n g  kidney o r  inflam­
mation of t he  b i l i a r y  t r a c t ,  conjectured t h a t  these  phenomena might be r e f l e x  
i n  o r i g i n  (S.  P. Botkin,  1867). I n  1881 h i s  coworker N .  P. Simanovskiy found 
t h a t  s t imu la t ion  of t h e  sensory nerves may a f f e c t  cardiac a c t i v i t y .  

The ex i s t ence  of a r e f l e x  mechanism underlying t h e  genesis  of angina pec­
t o r i s  has been confirmed by a m a s s  of experimental and c l i n i c a l  m a t e r i a l  ( K .  K .  
Monakhov, 1927; B .  A. Yegorov, 1929; L .  F. Dmitrenko, 1930, 1938; E .  
Mandel'shtam, 1931; D. G .  Popov, 1936; N .  P .  Afonskiy, 1936; G .  F .  Lang, 1936; 
M. S .  Vovsk. 1957, 1958; I. A. Levin, 1956; N .  A.  Al'bov, 1942, 1958; o the r s .  

The so -ca l l ed  angioneurotic forms of angina p e c t o r i s  a r e  w e l l  known. 
These forms include t h e  angina p e c t o r i s  whose genesis i s  promoted by r e f l e x e s  
from pa tho log ica l ly  changed v i s c e r a  ( M .  S .  Vovsi, 1958). The l i t e r a t u r e  on the 
subjec t  i s  extensive ( G .  F .  Lang, 1935; Radvanyi and G e l l e r t ,  1936; V.  A. Tr ige r  
and R .  0 .  Yasinovskaya, 1938; V .  F. Zelenin,  1939; Morrison and Swalm, 1.940; 
G.  A.  Brandenburgskiy and Ye. L .  Tovbina, 1949; G .  A .  Brandenburgskiy and I .  Y a .  
Balaban, 1949; Freedberg and Risman, 1953; I .  A.  Chernogorov, 1954; Schmidt and 
Biork,  1955; V .  A. E l ' b e r g  and M.  B .  Feygin, 1958; A. F .  Epshteyn, 1959). 

We s h a l l  not go i n t o  d e t a i l  on the  cases  of angina p e c t o r i s  caused by r e ­
f l e x e s  from a pa tho log ica l  focus i n  any of t he  v i s c e r a  and merely note t h a t ,  
according t o  the l i t e r a t u r e ,  pa tho log ica l  processes i n  t h e  stomach, ga l lb ladder ,  
and o ther  abdominal organs are t h e  commonest sources f o r  symptoms of t h i s  kind. 
It i s  a l s o  worth mentioning t h a t  t h e  r e f l e x  component of angina p e c t o r i s  i s  most 
c l e a r l y  manifested i n  cases  where the  myocardium or t h e  cardiac v e s s e l s  have 
been pa tho log ica l ly  changed. "We should l i k e  t o  emphasize t h a t  neuroref l ex  
inf luences p l a y  a major r o l e  i n  t h e  genesis  of the  above-mentioned forms of 
angina p e c t o r i s  aga ins t  a background of coronary s c l e r o s i s  and a n g i i t i s "  ( M .  S .  
Vovsi, 1958). These c l i n i c a l  observations were confirmed by numerous experimen­
ta l  i n v e s t i g a t i o n s .  For example, Laplan and P a u t r a t s  (1950) observed myocar­
d i a l  i n f a r c t j  o r i g i n a t i n g  i n  dogs i n j e c t e d  wi th  croton o i l  ( i n t o  a o r t i c  adven­
t i t i a )  during a s t e r i l e  operat ion.  The authors  be l i eve  t h a t  impairment of t h e  
coronary c i r c u l a t i o n  t h a t  l e d  t o  the  i n f a r c t i o n  w a s  caused by a r e f l e x  from the  
a o r t i c  receptors .  

I. Y e .  Ganelina ( 1955) performed experiments on r a b b i t s  with experimen­
t a l l y  induced neurogenic hypertension and a t h e r o s c l e r o s i s .  She found t h a t  
s t imu la t ion  of t h e  i n t e s t i n a l  o r  u r i n a r y  bladder mechanoreceptors caused sharp 
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EKG changes i n d i c a t i v e  of impairment of t h e  myocardial conduction system or 
n u t r i t i o n .  The la t te r  type of changes w e r e  very pronounced after s t imu la t ion  of 
the i n t e s t i n a l  r ecep to r s .  Ganelina (1958) showed' that EKG changes axe most 
marked i n  animals wi th  a the rosc l e ros i s  following s t imula t ion  of t he  g a s t r o i n t e s ­
t i n a l  chemoreceptors. These da$a are cons i s t en t  with the c l i n i c a l  observat ions 
on p a t i e n t s  wi th  a the rosc l e ros i s  i n  whom s t imula t ion  of t h e  g a s t r i c  chemorecep­
t o r s  with t a b l e  mustard impaired a t r i o v e n t r i c u l a r  conduction and lowered the  
T1 and T2 waves. 

Thus, v i s c e r a l  r e f l e x  inf luences on the  h e a r t  are most pronounced i n  
a the rosc l e ros i s .  Reflexes t o  the h e a r t  w e r e  a l s o  found by o ther  experimental  
techniques used t o  induce pa thologica l  changes i n  the  myocardium. For example, 
V .  N .  Chernigovskiy (1952) c i t e s  d a t a  obtained i n  h i s  labora tory  by Ye. Y e .  
Epshteyn whereby s t imula t ion  of t he  duodenal mechanoreceptors i n  rabbi t s  i n ­
jec ted  intravenously wi th  barium chlor ide  caused paroxysmal tachycard ia  and a 
negat ive T wave t o  appear on the EKG. 

B .  I .  Trusevich (1958) used a s i m i l a r  method. According t o  t h i s  author ,  
an ex t r a sys to l e  and paroxysmal tachycardia  may appear af ter  i n f l a t i o n  of t h e  
duodenum and ga l lb ladder  only i n  animals i n  which intravenous i n j e c t i o n  of 
barium chlor ide  has caused pa thologica l  changes i n  the  myocardium. It i s  worth 
noting t h a t  t he  EKG changes ind ica t ive  of an i n s u f f i c i e n t  cardiac blood supply 
w e r e  most pronounced after s t imula t ion  of t h e  ga l lb ladder .  These changes were 
a l l e v i a t e d  by n i t rog lyce r in  or by excluding the  receptors  by means of anes thes ia .  

According t o  Ye. Y e .  Epshteyn (1956), t he  presence of pa thologica l  changes 
i n  t h e  myocardium i s  not  e s s e n t i a l  f o r  inducing changes i n  t h e  EKG by s t imu la t ­
ing t h e  ga l lb ladder  r ecep to r s .  S imi la r  observat ions are c i t e d  by Yu. A .  
Petrovskiy and L. B .  Maksimovich (1954).

/ 
Angina pec to r i s  i s  recognized as a d isease  whose course i s  determined by 

the  state of t h e  higher  d iv i s ions  of the c e n t r a l  nervous system. Those i n t e r ­
ested i n  t h e  subjec t  are r e f e r r e d  t o  the  works. of N .  D .  Strazhesko (1925,1955), 
G .  F. Lang (1935),M. M. Gubergrits  (1950),B .  V .  I l ' i n s k i y  (1954),and o the r s .  
The c l i n i c a l  observat ions have a l s o  been confirmed experimentally.  

The b a s i s  f o r  studying these complex matters w a s  I .  P. Pav lovf s  method of 
conditioned r e f l e x e s .  Impairment of CNS func t ion  by t h e  method of c o n f l i c t i n g  
conditioned r e f l exes  ( e  .g . ,  food and defense) or a combination of conditioned 
and unconditioned s t imu l i  changes cardiac a c t i v i t y  ( V .  P. Lek i shv i l i ,  1954; 
M. B .  Feygin, 1954;Y e .  G .  Petrova, 1954; V .  V .  F r o l ' k i s ,  1959). The phenomenon 
can be r e a d i l y  seen i n  monkeys. For example, G .  0 .  Magakyan, D.  I .  Miminoshvili 
and G .  Y a .  Kokaya (1956) observed coronary in su f f i c i ency  and myocardial i n f a r c t s  
i n  monkeys fol lowing a d is rupt ion  of higher nervous a c t i v i t y .  Their f i nd ings  
w e r e  confirmed by other  au thors .  

According t o  G. M .  Cherkovich (1959),neurosis  i n  monkeys induced by d i s ­
rupt ion  of the  d a i l y  rhythm r e s u l t e d  i n  acute coronary in su f f i c i ency .  Microne­
croses were found i n  t h e  myocardium of t h e  dead a n i m a l s .  I n t e r e s t i n g  d a t a  are 
reported by S .  I .  Teplov (1958)who after forming a conditioned r e f l e x  t o  t h e  
i n j e c t i o n  of p i t u i t r i n  i n  dogs w a s  ab le  t o  impair t he  animals '  coronary 
c i r cu la t ion .  
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The observat ions of L .  A.  Koreysha (1958)provide genuine confirmation of 
t h e  enormous r o l e  played by t h e  state of t h e  CNS i n  t h e  pathogenesis of i m ­
p a i r e d  coronary c i r c u l a t i o n .  According t o  h i s  data, superintense s t imu la t ion  
of t h e  b r a i n  during neurosurgery on human p a t i e n t s  m a y  cause acute  d i so rde r s  of 
t h e  coronary c i r c u l a t i o n  t h a t  f r e q u e n t l y  r e s u l t  i n  death.  

It i s  obvious, t h e r e f o r e ,  t h a t  the f u n c t i o n a l  state of t h e  higher d i v i ­
s ions  of the b r a i n  as w e l l  as r e f l e x  in f luences  from various v i s c e r a  o r  from 
t h e  r ecep to r s  of t h e  coronary v e s s e l s  themselves p l a y  an important p a r t  i n  i m ­
p a i r i n g  t h e  ca rd iac  blood supply. It should be noted, however, t h a t  t h i s  con­
c lus ion  i s  based mainly on experimental  and c l i n i c a l  observations i n  which EKG 
changes served a3 i n d i c e s  of t h e  state of t he  myocardium. Although h igh ly  v a l ­
uable i n  the  c l i n i c ,  t h i s  method i s  no t  accu ra t e  enough t o  eva lua te  t h e  mechan­
i s m s  underlying impairment of t h e  coronary c i r c u l a t i o n .  

These problems n a t u r a l l y  cannot be solved without  more adequate methods of 
recording the state of the myocardial blood supply af ter  the  use of agents t h a t  
impair it. This view motivated s e v e r a l  i n v e s t i g a t i o n s  i n  which change i n  t h e  
volume r a t e  of t h e  coronary flow w a s  s tud ied  after t h e  p re sen ta t ion  of a v a r i ­
e t y  of a f f e r e n t  s t i m u l i .  

Reflexes from t h e  c a r o t i d  s inus  r ecep to r s  t o  t h e  coronary blood flow were 
s tud ied  i n  d e t a i l  i n  1931 by Hochrein and Kel ler ,  who found t h a t  occlusion of 
both c a r o t i d  a r t e r i e s  induced d i s s i m i l a r  changes i n  t h e  coronary flow. The 
rate gene ra l ly  increased af ter  s t imu la t ion  of t h e  c a r o t i d  s inus r ecep to r s ,  b u t  
i n  some cases it decreased. S t e l l a  (1931) observed i n  experiments i n  a h e a r t ­
lung-brain preparat ion of dogs t h a t  r a i s i n g  t h e  p re s su re  i n  t h e  region of t h e  
c a r o t i d  s i n u s  under perfusion conditions reduced t h e  volume rate of t h e  coronary 
flow. 

Jourdan and Faucon ( i959)  obtained analogous r e s u l t s  i n  experiments on i n ­
t a c t  animals. However, t h e i r  experiment-s cannot be considered convincing be­
cause t o  ob ta in  s t a b l e  cardiac blood supply condi t ions they used a sympathectomy, 
obviously r e l y i n g  on the  view of some authors  t h a t  vagus inf luences are predom­
inan t  i n  maintaining coronary vascular  tone.  It i s  no s u r p r i s e ,  t h e r e f o r e ,  t h a t  
Marcou and Carbunesco (1934) obtained d i r e c t l y  opposi te  r e s u l t s  i n  animals with 
i n t a c t  innervat ion.  I n  t h e i r  experiments an e l e v a t i o n  of pressure i n  t h e  
c a r o t i d  s inus  region increased t h e  coronary flow r a t e .  

Heidenreich and Schmidt (1956) recorded the  rate of t h e  coronary flow i n  
dogs af ter  s t imu la t ing  the  a f f e r e n t  f i b e r s  of t he  vagus nerves and c a r o t i d  s inus  
r ecep to r s .  They found t h a t  t h e  coronary flow g e n e r a l l y  increased af ter  such re­
f l e x  in f luences .  Greene t o o  (1935)studied r e f l e x  changes i n  t h e  coronary f low 
af ter  s t imu la t ing  a f f e r e n t  nerves.  He showed t h a t  s t imu la t ion  of t he  a f f e r e n t  
f i b e r s  of t h e  s c i a t i c ,  splanchnic,  phrenic ,  and vagus nerves induces r e f l e x  
changes i n  the  coronary flow. The response of t he  coronary flow t o  s t imu la t ion  
of t h e  a f f e r e n t  nerves w a s  i r r e g u l a r .  I n  most cases  it increased, b u t  i n  a few 
cases  it decreased. 

F i n a l l y ,  i n  some experiments t he  ref l e x  response w a s  two-phase: brief 
decrease i n  t h e  blood f low followed by an increase.  A.  V .  Tonkikh, A. I .  I l ' i n ,  



and S.  I. Teplov (1959) observed a phase r e a c t i o n  of t h e  coronary flow i n  re­
sponse t o  p a i n f u l  s t imu la t ion  of t h e  a f f e r e n t  f i b e r s  of t h e  s c i a t i c  nerve.  I n  
t h e i r  experiments an i n i t i a l  decrease i n  the  coronary flow w a s  followed by an 
increase .  

Reflex changes i n  t h e  coronary flow following s t imu la t ion  of t h e  visceral .  
receptors  are equa l ly  incons i s t en t .  T h i s  i s  no doubt due t o  the  ambiguous re­
s u l t s  3btained by d i f f e r e n t  i nves t iga to r s  of the  problem. Hinrichsen and Ivy
(1933) found t h a t  s t imula t ion  of the a f f e r e n t  nerves i n  t h e  abdominal cavi-cy 
genera l ly  i n t e n s i f i e d  the  coronary flow. Gi lber t ,  Le Roy and Fenn (l9hO), who 
inves t iga t ed  changes i n  t h e  blood flow of card iac  ves se l s  i n  dogs after inf la­
t i o n  of t he  stomach and ga l lb ladder ,  came t o  t h e  conclusion t h a t  a decrease i n  
the  blood flow i s  the  commonest r eac t ion .  

G .  N .  Aronova (1953, 1956) a l s o  s tudied  in t e rocep t ive  r e f l e x  inf luences  on 
the  coronary c i r c u l a t i o n .  According t o  her  da t a ,  s t imula t ion  of the  mechanore­
ceptors  of the u r ina ry  bladder or s m a l l  i n t e s t i n e  d i d  not  r egu la r ly  change the 
coronary flow. It gene ra l ly  increased,  bu t  i n  some cases  it decreased. The 
l a t t e r  r eac t ion  i s  more c h a r a c t e r i s t i c  of animals with experimental  myocardial 
i n f a r c t  . 

I n  summing up the e x p e r i m n t a l  and c l i n i c a l  d a t a  presented i n  t h i s  chapter ,  
we  may say t h a t  r e f l e x e s  a r i s i n g  both from the  card iac  region proper .due t o  i m ­
pairment of myocardial metabolism and from t h e  v i sce ra ,  e spec ia l ly  when i n  a 
pa thologica l  state, p l a y  a major r o l e  i n  the  o r i g i n  of angina p e c t o r i s .  These 
r e f l exes  may spread t o  t h e  card iac  vesse ls  and impair t h e i r  func t ion ,  thereby 
causirlg t h e  myocardial blood supply t o  d e t e r i o r a t e .  

It i s  c l e a r  from t h e  foregoing t h a t  e l imina t ion  of r e f l e x e s  of t h i s  kind 
i s  one of the  ways of exe r t ing  a pharmacological inf luence on the  card iac  blood 
supply * 
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CHAPTER 2. METHODS OF STUDYING REFLEXES TO TEJE CORONARY VESSELS 
AND THEIR PHYSIOLOGICAL CEFARACTERISTICS 

Although the r e f l e x e s  of coronary v e s s e l s  have been r epea ted ly  i n v e s t i ­
gated,  t h e  ways i n  which t h e  r e f l e x e s  are  executed a re  s t i l l  unclear .  This i s  
not s u r p r i s i n g  i n  view of t h e  t e c h n i c a l  d i f f i c u l t i e s  involved i n  s tudying nerv­
ous r egu la t ion  of t h e  cardiac v e s s e l s .  The u s u a l  method of evaluat ing the  ca r ­
d i a c  blood supply by recording the volume rate of t he  coronary flow does not 
permit the d i f f e r e n t i a t i o n  of changes i n  vascular  tone from the  hemodynamic and 
extravascular  inf luences.  

The response of t h e  coronary flow t o  a f f e r e n t  s t imulat ion depends on which 
f a c t o r s  are predominant, f o r  the  l e v e l  of t he  cardiac blood supply i s  determined 
by t h e i r  i n t e rac t ion .  Therefore,  when recording the  volume r a t e  of the  blood 
flow during s t imu la t ion  of t h e  a f f e r e n t  pathways, one can observe a v a r i e t y  of 
responses.  T h i s  i s  i l l u s t r a t e d  by f i g u r e  31 which shows t h r e e  types of reac­
t i o n s  following s t imu la t ion  of the  c e n t r a l  segment of the  t i b i a l  nerve.  Note 
t ha t  the coronary flow i s  more o f t e n  i n t e n s i f i e d  than reduced by s t imu la t ion  of 
t he  a f f e ren t  pathvays.  I n  t h i s  r e s p e c t  our observations a re  c o n s i s t e n t  w i t h  the  
published d a t a  (Hinrichsen and Ivy,  1933; G i l b e r t ,  Le Roy and Fenn, 1940; G .  N .  
Aronova, 1953). 

It does not follow from the  foregoing,  however, that  a r e f l e x  increase  i n  
the  coronary flow s i g n i f i e s  the absence of vasoconstr ic tor  impulses t r a v e l i n g  
t o  the  coronary vesse l s .  Afferent  s t imu la t ion  gene ra l ly  causes r e f l e x  e l e v a t i o n  
of blood pressure ,  which f a c i l i t a t e s  mechanical d i l a t a t i o n  of the  card iac  ves­
s e l s  and may mask t h e i r  response t o  t h e  nerve impulses reaching them. 

We have already mentioned t h a t  severa l  i n v e s t i g a t o r s  found tha t  a decrease 
of the coronary flow a f t e r  r e f l e x  ac t ion  and EKG changes i n d i c a t i v e  of impairment 
of the  cardiac blood supply r e g u l a r l y  occiir when the  myocardium i s  changed by 
some pa tho log ica l  process ( e  .g ., i n  a t h e r o s c l e r o s i s ,  experimental myocardial i n ­
f a r c t ,  myocardit is ,  e t c . )  (Ye. Ye. Epshteyn, 1956; G .  N .  Aronova, 1956; I .  Ye. 
Ganelina, 1955, 1958; B .  I .  Trusevich, 1958; o t h e r s ) .  Hemodynamic r e g u l a t i o n  of 
the coronary flow which helps  t o  maintain a c e r t a i n  l e v e l  of the myocardial 
b'lood supply presumably becomes inadequate when the coronary c i r c u l a t i o n  i s  i m ­
pa i red .  Thus, myocardial func t ion ,  coronary vascular  tone,  and state of hemo­
dynamic r egu la t ion  seem t o  determine i n  each ind iv idua l  case the  na ture  of 
coronary blood flow changes i n  response t o  a f f e ren t  s t imula t ion .  

It is  c l e a r ,  then,  tha t  reflexes of the card iac  vesse ls  cannot be analyzed 
without a method of determining what t h e y  are. I n  studying t h e  e f f e c t  of pharma­
cologica l  agents on r e f l e x e s  of t he  card iac  v e s s e l s ,  one must have p r e c i s e  i n ­
formation on the  n a t u r e ,  magnitude, and methods of execution of t h e s e  r e f l exes .  
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Figure 31. Types of responses of t he  coronary blood flow 
t o  s t imu la t ion  of t h e  a f f e r e n t  f i b e r s  of the t i b i a l  nerve.  
Ordinate:  1--blood pressure changes i n  mm H g ,  2--chmges 
i n  volume r a t e  of the coronary flow i n  ml/min. Abscissa: 
time i n  minutes; A--increase i n  volume r a t e  of the coro­
nary flow a f t e r  r e f l e x  e l e v a t i o n  of systemic a r t e r i a l  
pressure;  B--absence of coronary flow response t o  r e f l e x  
e l e v a t i o n  of a r t e r i a l  pressure;  C--decrease i n  volume 
r a t e  of the coronary flow af te r  r e f l e x  e l eva t ion  of sys­
temic a r t e r i a l  p re s su re .  

Since t h e r e  are no concrete  data of t h i s  kind i n  t h e  l i t e r a t u r e ,  we performed a 
s e r i e s  of experiments t o  develop an adequate techniqu? of determining t h e  r e ­
f l e x e s  of t h e  ca rd iac  ves se l s  and t h e i r  phys io log ic s l  c h a r a c t e r i s t i c s .  W e  
found t h a t  t he  method of r e s i s tog raphy  made it p o s s i b l e  t o  exclude hernodynamic 
inf luences on the coronary vessels  and was thus zonvenient f o r  studying t h e i r  
ref  l exes  . We used the  technique t o  observe :L-Jq u a z t i t e t i v e l y  eva lca t e  changes 
i n  r e s i s t a n c e  of t h e  coronary v e s s e l s  i?-di;:I>'d by i q . u l s e s  trznsmi.tted. t o  t hese  
v e s s e l s  r e f l e x l y .  Ref l e x  changes i n  ~ ~ ~ ' c r i ~ t l ~ y  tone Were produced byV2s:u lar  
e l e c t r i c  s t imulat ion of t he  c e n t r a l  ser;!r~entsof the  t i b i a l .  and !nedi.an nerves 
i n  the form of r ec t angu la r  pu l se s  ~ - 1 - iq. frequency of ,fJ-60 cps,  1-2msec i n  dura­
t i o n ,  and w i t h  an amplitude of 2-1G \ . .  I n  som? experinents  the ea-o- t id  s inus  
r ecep to r s  were stimul.ated (occlusion of a carotic? a r t e r y ) .  We found t h a t  stimu­
l a t i o n  of t h e  a f f e r e n t  nerves r e s u l t e d  i n  r e f l e x  incre?.se Qf resis tar lce  i n  t h e  
cardiac v e s s e l s .  Occlusion of t he  c a r o t i d  a r t e r i e s  el: cit ,ed t h e  same response 
( f i g .  32) .  

Since an inc rease  i n  r e s i s t a n c e  i s  determined not  c r l y  FJy t h e  blood ves­
sels themselves b u t  by ex t r avascu la r  f a c t o r s  ,we t?qLaughti t  wor;,iiwhile t o  as­
c e r t a i n  t h e  e x t e n t  t o  which these ' f a c t o r s  p a r t i c i p a t e  il?th? o b r ~ r v e dr e a c t i o n s .  
W e  performed experiments t o  compare the niagnitude of rhaiig~csi n  p z r f u s i o n  p re s ­
sure a f t e r  a r e f l e x  t o  the  coronary v e s s e l s  e l i c i t e d .  by s t i ~ u l a t i n gt h e  t i b i a l  
nerve o r  by  occluding t h e  a o r t a .  Those p e r m e t e r s  of nerve s t imu la t ion  and 
degree of a o r t i c  occlusion were s e l e c t e d  whereby pressure i n  the  l e f t  v e n t r i c l e  

112 




I 

Figure 3 2 .  Reflex changes i n  r e s i s t a n c e  of t he  coronary v e s s e l s  
af ter  s t imu la t ion  of t he  a f f e r e n t  f i b e r s  of t h e  t i b i a l  nerve and 
r ecep to r s  of t h e  c a r o t i d  s i n u s .  
Top t o  bottom: perfusion p res su re - - r e s i s t ance  of the coronary 
vesse l s ,  blood p res su re ,  s t imu la t ion  mark, t i m e  mark--5 see.  On 
the l e f t :  r e f l e x  t o  t h e  coronary v e s s e l s  and blood pressure 
caused by e l e c t r i c  s t imu la t ion  of t he  a f f e r e n t  f i b e r s  of the t i b ­
i a l  nerve ( s t i m u l a t i o n  e f f e c t e d  by r ec t angu la r  impulses with 
these  parameters: 7 v ,  50 cps ,  1msec). On t h e  r i g h t :  r e f l e x  
t o  t h e  coronary v e s s e l s  and blood p res su re  caused b y  lowering of 
p re s su re  i n  the  region of t h e  c a r o t i d  s inus  (occ lus ion  of the 
c a r o t i d  a r t e r i e s ) .  

as measured by an e l e c t r i c  manometer w a s  equal .  We found t h a t  with ,equal values 
of i n t r a v e n t r i c u l a r  p re s su re ,  perfusion pressure ( i . e . ,  r e s i s t a n c e  of'  t h e  coro­
nary vesse l s )  became 2-1/2 t i m e s  g r e a t e r  af ter  a r e f l e x  than af ter  a o r t i c  occlu­
s ion .  Analysis of t h e  d a t a  showed t h a t  t he  d i f f e rence  between t h e s e  e f f e c t s  w a s  
s t a t i s t i c a l l y  s i g n i f i c a n t  ( p  < 0.02) ( t a b l e  1 4 ) .  

Thus, w e  found t h a t  t he  main f a c t o r  responsible  f o r  r e f l e x  inc rease  i n  re­
s i s t a n c e  of t h e  coronary v e s s e l s  i s  t h e i r  c o n s t r i c t i o n .  

W e  t hen  performed experiments designed t o  c l a r i f y  t h e  rou te  of t h e  r e f l e x  
a r c  of t h e  r e f l e x e s  leading t o  c o n s t r i c t i o n  of t h e  coronary vesse l s .  W e  pointed 
out above t h a t  i n  comparing r e f l e x e s  t o  t h e  ca rd iac  v e s s e l s  caused by s t imu la t ­
ing  var ious a f f e r e n t  pathways ( r e f l e x e s  from t h e  t i b i a l  and median nerves and 
from c a r o t i d  s inus  r e c e p t o r s ) ,  w e  f a i l e d  t o  d e t e c t  any s i g n i f i c a n t  d i f f e r e n c e s  
between them. W e  t h e r e f o r e  thought t h a t  t h e  main o b j e c t i v e  of t h i s  series of 
experiments should be t o  e l u c i d a t e  t h e  inf luence exe r t ed  by t h e  vagus and 



TABLF: 14. CHANGES I N  INTRAVENTRICULAR, BLOOD ( I N  mm Hg)  , 
AND PERFUSION (AS PERCENTAGE OF ORIGINAL LEVEL) PRESSURE 
AFTER REFLEX REACTION AND AORTIC OCCLUSION 

Reflex from t i b i a l  nerve Aor t ic  occlusion 

a, a,-P k kd 8 2
8 rl a, m m

.ri a, a,k 2 5 k 

xaa, 	 .ri m a k a a, 
k cn 
-P a, C c2 ia, d e )  k a 0 0 4-Iu$ 2  .d .ri 0 	.ri 

4-1'"0 	 L d m  a z $ 4 .rlS i m  0 4-1 4-1 a ,c-Pa, 0 k > M  
z 
0 C k  rl 8 a a, a, .ri*d a P a r l m  

. 

1 30 26 14 6 
2 70 60 11 4 p < 0.02 
3 80 32 8 11 f 1.2% 3 t = 3 . 9  
4 30 22 11 4 n = 6  
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sympathetic nerves on the  coronary vesse l s .  The experiments w e r e  n a t u r a l l y  
s tar ted by comparing t h e  magnitude of t h e  r e f l e x  under normal condi t ions and 
a f t e r  exclusion of impulses t r ave l ing  t o  the  h e a r t  along t h e  vagus nerves .  
Figure 33a i s  the  kymogram of an experiment i n  which b i l a t e ra l  vagotomy f o l ­
lowed recording of t he  o r i g i n a l  magnitude of t h e  r e f l e x .  It is evident  from 
the f i g u r e  t h a t  a vagotomy r e s u l t e d  i n  increased r e s i s t a n c e  of t h e  coronary 
vesse l s  and t h e i r  r e f l e x e s .  

w 
-60 

I 

1 1 I 1 1 1 L 1 1 1 I 1 I I 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 t l l L 
- _  _- ~ - -J- -
Figure  33a. Reflexes t o  t h e  coronary v e s s e l s  and blood pressure 
caused by s t imula t ion  of t he  t i b i a l  nerve before  and after b i ­
la teral  vagotomy. Top t o  bottom: perfusion pressure ( r e s i s t o ­
gram) , blood pressure ,  s t imula t ion  mark, t i m e  mark--5 sec .  
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The i n j e c t i o n  of a t ropine  (1mg/kg) had no s i g n i f i c a n t  e f f e c t  on the  mag­
ni tude of t he  r e f l e x e s  t o  the  coronary vesse ls .  The d i f fe rence  between the  
e f f e c t s  after vagotomy and a t r o p i n i z a t i o n  i s  probably due t o  the f a c t  t h a t  the  
former i n t e r r u p t s  t he  flow of a f f e r e n t  impulses t o  the  vasomotor center  from 
t h e  receptor  f i e l d s  of the major thorac ic  and cordiac ves se l s .  These i m ­
pulses ,  l i k e  impulses from the  s inoca ro t id  zone, promote t o n i c  i n h i b i t i o n  of 
t he  vasomotor center ,  whereas blocking them d i s i n h i b i t s  it, thus  i n t e n s i f y i n g  
the  vasocons t r i c to r  e f f e c t s .  

Our observat ions,  t h e r e f o r e ,  suggest t h a t  t he  vagus nerves do not  p a r t i ­
c i p a t e  d i r e c t l y  i n  the  r e a l i z a t i o n  of vasocons t r i c to r  e f f e c t s  on the  coronary 
vesse l s .  We then performed experiments i n  which we excluded impulses t r a v e l ­
ing t o  the  cardiac vesse ls  along the  sympathetic nerves.  We compared the  mag 
ni tude of these  r e f l e x e s  under normal condi t ions and after sympathectomy ( i . e . ,  
e x t i r p a t i o n  of t h e  s t e l l a t e  and f o u r  thorac ic  sympathetic gang l i a  and s e c t i o n  
of the c e r v i c a l  sympathetic nerves) .  Sympathectomy caused a sharp decrease i n  
the  magnitude of r e f l e x e s  t o  the  card iac  v e s s e l s  (80-856below the o r i g i n a l  
l e v e l )  ( f i g .  33b).  Reflexes t o  blood pressure l ikewise decreased somewhat 
(by  l5-20$), apparent ly  due t o  s u r g i c a l  trauma. 

S 

20’­

-

Figure 33b. Decrease iii magnitude of r e f l e x e s  t o  the  coronary 

... . . , 

v e s s e l s  a f t e r  s e c t i o n  of sympathetic nerve pathways t o  the  h e a r t .  
Top t o  bottom: perfusion pressure,  blood p res su re ,  s t imu la t ion  
mark, t i m e  mark--5 see .  

a - before sympathectomy; b - 20 minutes l a t e r  

The s l i g h t  increase  i n  r e s i s t a n c e  of t h e  coronary vesse ls  i n  response t o  
s t imula t ion  of the a f f e r e n t  systems t h a t  p e r s i s t e d  a f t e r  sympathectomy may 
have been due t o  ex t r avascu la r  and hemodynamic inf luences .  Experiments w i t h  
dihydroergotamine (1mg/kg) ,which completely i n h i b i t e d  r e f  lexes  t o  the  ca r ­
d iac  v e s s e l s ,  p a r t l y  confirm t h i s  conjecture .  By blocking the e f f e r e n t  p a r t  
of the  r e f  l e x  arc  of the  general ized vasomotor r e f l e x e s ,  dihydroergotamine 



n u l l i f i e s  the hemodynamic effect  of reflex e l e v a t i o n  of blood pres su re  on the 
ca rd iac  vessels. 

Our observat ions i n d i c a t e  t h a t  t h e  vagus nerve does n o t  p a r t i c i p a t e  a i ­
r e c t l y  i n  t h e  conduction of vasocons t r i c to r  impulses t o  the  coronary v e s s e l s .  
Reflex c o n s t r i c t i o n  apparent ly  takes p lace  through t h e  sympathetic pathways. 

O u r  f i n d i n g s  c o n t r a d i c t  t h e  o l d  and w e l l  e s t a b l i s h e d  view t h a t  vaso­
c o n s t r i c t o r  impulses t o  the  coronary v e s s e l s  t r a v e l  along the  vagus nerves 
(Morawitz and Zann, 1912; Anrep and S e g a l l ,  1926;Rein, 1931-1932;Golwitzer-
Meier and Krcger, 1935; o t h e r s ) .  However, as we noted above, convincing ex­
perimental  data have been obtained i n  r e c e n t  yea r s  which t e s t i f y  t o  t h e  ab­
sence of d i r e c t  vagus inf luence on the coronary v e s s e l s  (Schre ine r ,  Berglund, 
Bors t ,  and Monroe, 1957;Denison and Green, 1938; Szent ivanyi  and Nagy, 1959; 
Wang, Blumental, and Wang, 1960). The i d e a  t h a t  t h e  vagus nerve may p o s s i b l y  
have a c o n s t r i c t i n g  e f f e c t  on t h e  coronary v e s s e l s  apparent ly  r o s e  from t h e  
use by var ious i n v e s t i g a t o r s  of methods of studying t h e  coronary c i r c u l a t i o n  
t h a t  d id  not permit d i f f e r e n t i a t i o n  of changes i n  vascular  tone from hemo­
dynamic and ex t r avascu la r  inf luences ( arterial  pressure , cardiac a c t i v i t y ,  
e t c . ) .  Actual ly ,  i f  w e  analyze t h e  experimental  condi t ions i n  which the 
r e s u l t s  suggest ive of vagus vasocons t r i c to r  inf luence were obtained,  w e  see 
t h a t  t hese  observations were based l a r g e l y  on recordings of the r a t e  of t he  
coronary blood flow, t h e  response of which r e f l e c t s  t he  i n t e r a c t i o n  of 
changes i n  vascular  tone with ex t r avascu la r  and hemodynamic inf luences.  

Thus, our views belong w i t h  t h e  many observat ions on increased coronary 
flow af ter  s t imu la t ion  of t he  ca rd iac  sympathetic nerves and admin i s t r a t ion  
of epinephrine.  

It i s  a l s o  i n t e r e s t i n g  t o  note t h a t  our observat ions on the r o l e  of t h e  
sympathetic nerves i n  ‘the conduction of vasocons t r i c to r  impulses t o  the  
coronary v e s s e l s  agree w i t h  t h e  c l i n i c a l  d a t a  which i n d i c a t e  t h a t  a t t a c k s  of 
angina p e c t o r i s  are accompanied by symptoms suggest ive of e x c i t a t i o n  of t he  
sympathetic nervous system. 

116 




CHAPTER 3. EFFECT OF PHARMACOLOGICAL AGENTS ON R E F m S  OF THE CONORARY VESSELS 

The inves t iga t ions  of V .  V .  Zakusov and coworkers (1947, 1953) showed 
convincingly that the  s e n s i t i v i t y  t o  drugs of t h e  c e n t r a l  l i n k s  of t he  r e f l e x  
a rc s  of d i f f e r e n t  reflexes v a r i e s  wi th in  very broad l i m i t s .  Therefore,  the  use 
of pharmacological agents  undoubtedly opens up broad oppor tuni t ies  f o r  s e l ec ­
t i v e  ac t ion  on c e r t a i n  r e f l e x e s .  The need t o  s tudy and search f o r  pharmaco­
l o g i c a l  agents  capable of a l t e r i n g  t h e  r e f l e x e s  of t h e  coronary v e s s e l s  i s  
obvious i n  view of t h e  s ign i f i cance  of the r e f l e x  f a c t o r  i n  the  development of 
angina p e c t o r i s .  

W e  thought it would be of most value t o  i n v e s t i g a t e  neurotropic  agents 
capable of blocking any of t h e  l i n k s  i n  the  ref lex a rc  of r e f l e x e s  t o  the  
coronary v e s s e l s .  Since w e  were p a r t i c u l a r l y  i n t e r e s t e d  i n  the  drugs used t o  
t r e a t  coronary in su f f i c i ency ,  w e  s t a r t e d  with ana lges ics .  

1. Analge si c  s 

W e  have already pointed out  t h a t ,  i n  genera l ,  ana lges ics  do not have the  
capac i ty  t o  increase  the card iac  blood supply. Experiments have shown t h a t  
among these  agents  ( e . g . ,  morphine, thecodeine,  demero1,and methadon), only 
morphine increases  t h e  volume r a t e  of t h e  coronary f low,  whereas the  o the r s  
tend t o  increase  the tone of t h e  card iac  ves se l s .  Hawever, it i s  known from 
c l i n i c a l  observat ions t h a t  ana lges ics  can h a l t  a t t acks  of angina p e c t o r i s .  

According t o  our da t a ,  t he  e f f ec t iveness  of t hese  substances i n  angina 
p e c t o r i s  i s  not  r e l a t e d  t o  t h e i r  d i r e c t  ac t ion  on the  card iac  ves se l s .  Their  
c l i n i c a l  e f f ec t iveness  i s  presumably due only t o  t h e i r  r e l i e v i n g  the  pa in  
syndrome which r e g u l a r l y  accompanies angina a t t a c k s .  But t he  appearance of 
pa in  during such a t t acks  i s  t h e  f i r s t  s ign  t h a t  t he  a i l i n g  h e a r t  has become 
a source of a f f e r e n t  impulses, which may a l so  give r i s e  t o  r e f l e x e s  t h a t  con­
t r i b u t e  t o  f u r t h e r  d e t e r i o r a t i o n  of t he  myocardial blood supply.  It w a s  
n a t u r a l ,  t he re fo re ,  t o  assume t h a t  ana lges ics  improve the  blood supply by 
blocking r e f l e x e s  t o  t h e  card iac  v e s s e l s .  

The foregoing cons idera t ions  l e d  t o  inves t iga t ions  of the e f f e c t  of 
ana lges ics  on coronary r e f l e x e s .  The r e s u l t s  proved t o  be h ighly  cont ra ­
d i c to ry .  Most of t h e  inves t iga t ions ,  which da te  back t o  the  l a t e  19th and 
e a r l y  20th cen tu r i e s ,  focused on morphine. I n  1877Witkowski discovered 
t h a t  e leva ted  blood pressure  i n  c a t s  induced by s t imula t ing  the a f f e r e n t  
f i b e r s  of t h e  s c i a t i c  nerve i s  n o t  a f f ec t ed  by s m a l l  doses of morphine, b u t  
i n  l a rge  doses it tends  t o  decrease the  magnitude of t he  r e f l e x  r eac t ion .  
This w a s  a l s o  the  conclusion of Amsler and B e i t r k e r  (1923) ,  who found t h a t  
t h e  i n j e c t i o n  of l a r g e  doses of morphine i n  r e a d i l y  curar ized  r a b b i t s  d i d  not  
slow the pulse  a f te r  s t imu la t ion  of t h e  s c i a t i c  nerve.  Vercauteren (1932a, 
b ) ,  i nves t iga t ing  t h e  e f f e c t  of morphine on r e f l e x  changes i n  blood pressure  
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af'ter s t imu la t ion  of t h e  c a r o t i d  s inus  r ecep to r s ,  concluded t h a t  s m a l l  doses 
of morphine can i n h i b i t  t hese  reflexes. Schmidt and Livingston (1933) a l s o  
observed a decrease i n  the  magnitude of vasomotor reflexes under the inf luence  
of mrph ine .  They f u r t h e r  observed t h a t  morphine i n h i b i t e d  the  r e a c t i o n  of t h e  
vasomotor center  t o  asphyxia and adminis t ra t ion  of carbon dioxide.  S imi la r  
r e s u l t s  w e r e  obtained by Raab and Friedeman [ 1936), who observed a decrease i n  
pressor  responses t o  t h e  adminis t ra t ion  of carbon dioxide i n  p a t i e n t s  given 
morphine. They concluded t h a t  morphine i s  capable of i n h i b i t i n g  t h e  vasomotor 
cen te r .  

Information concerning the  e f f e c t  or" o the r  ana lges ics  on cardiovascular  
r e f l e x e s  i s  meager. Z .  N. Ivanova (1958) found t h a t  promedol can i n h i b i t  t h e  
cardiovascular  and r e s p i r a t o r y  ref lexes  t h a t  arise i n  response t o  s t imula t ion  
of t he  lower r e s p i r a t o r y  t r a c t .  I n h i b i t i o n  of the r e f l exes  t o  blood pressure  
t h a t  ar ise  after occlusion of a coronary a r t e r y  w a s  noted by M .  Yu. Ladinskaya 
( 1 9 5 9 ) * 

Thus far  w e  have mentioned only inves t iga t ions  whose authors observed 
t h a t  ana lges ics  i n h i b i t  cardiovascular  ref lexes . However, many i n v e s t i g a t o r s  
obtained completely opposi te  r e s u l t s .  For example, t h e r e  are re ferences  i n  t h e  
l i t e r a t u r e  t o  morphine increas ing  r e f l e x  bradycardia  caused by s t imula t ing  the  
c a r o t i d  s inus  r ecep to r s  (Jackson and Ewing, 1914;Tomaszewski, 1938). Some 
inves t iga to r s  observed an increase  i n  the  r e f l e x e s  t o  blood pressure fol lowing 
s t imula t ion  of the  c a r o t i d  s inus  r ecep to r s  and a f f e r e n t  nerves (Kisch,  1921; 
Alber t ,  1927; Hering, 1927; Van der Linden, 1932).  According t o  R. P. 
Kruglikova-L'vova (1953), morphine and promedol increase  t h e  r e f l e x e s  t o  blood 
pressure t h a t  fol low s t imula t ion  of t h e  in t e rocep to r s  of t h e  u r ina ry  bladder. 
G .  V .  Kovalev (1958),who a l s o  s tudied  the  e f f e c t  of analgesics  on vascular  
r eac t ions  produced by s t imula t ion  of t h e  in t e rocep to r s ,  reached the  same con­
c lusion. 

It i s  evident  from the  l i t e r a t u r e  t h a t  t he  r e s u l t s  of research  on the  
ana lges ics  a re  cont rad ic tory .  Moreover, t he re  i s  no published information 
concerning t h e  e f f e c t  of analgesics  on coronary vasomotor r e f l e x e s .  Y e t  s tudy 
of the inf luence  of ana lges ics  on nervous r egu la t ion  of blood c i r c u l a t i o n  i s  
not  only of considerable  i n t e r e s t  with r e spec t  t o  t h e i r  mechanism of ac t ion ,  
but  of d i r e c t  p r a c t i c a l  value.  This i s  p a r t i c u l a r l y  appl icable  t o  t h e i r  
e f f e c t  on nervous r egu la t ion  of coronary vascular  tone,  which l a r g e l y  d e t e r ­
mines t h e  s e v e r i t y  of angina a t t acks .  

O u r  experiments showed t h a t  ana lges ics  i n  r e l a t i v e l y  s m a l l  doses can i n ­
h i b i t  r e f l e x e s  t o  the  card iac  ves se l s .  This e f f e c t  w a s  manifested both i n  
experiments involving the  recording of r e f l e x  changes i n  t h e  volume rate of 
the coronary flow and i n  experiments when t h e  r e s i s tog raph ic  method w a s  used. 
Since the  r e s u l t s  we  obtained from the use of both methods were i d e n t i c a l ,  w e  
subsequently r e s t r i c t e d  ourselves  t o  $he r e s i s tog raph ic  method i n  studying 
the  e f f e c t  of pharmacological agents on these  r eac t ions  because it permits  
q u a n t i t a t i v e  ca l cu la t ion  of t he  comparative e f f ec t iveness  of drugs wi th  res­
pec t  t o  r e f l e x  changes i n  coronary vascular  tone.  The experiments performed 
50 study the e f f e c t  of a 1 mg/kg dose of morphine on r e f l e x  changes i n  
coronary r e s i s t a n c e  were s t a t i s t i c a l l y  processed. Judging by the  c r i t e r i o n  of 
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s i g n i f i c a n c e  of t he  mean d i f f e r e n c e ,  t h e  i n h i b i t i n g  e f f e c t  of morphine on these  
r e a c t i o n s  had a high l e v e l  of s ign i f icance  ( p  < 0.002). I n  7 experiments, t h i s  
dose of morphine i n h i b i t e d  the  r e f l e x e s  t o  the coronary v e s s e l s  a f t e r  s t imula­
t i o n  of t h e  t i b i a l  nerve by 63G.2  percent on the  average. The r e f l e x e s  t o  
blood p res su re  i n  the same experiments were l e s s  i nh ib i t ed .  The decrease i n  
magnitude of these  r e f l e x e s  w a s  34hl0.7 percent .  The e f f e c t  of morphine w a s  
t r a n s i e n t .  Within 15-18 minutes of i n j e c t i o n  the r e f l e x e s  r e tu rned  t o  the  
o r i g i n a l  l e v e l  ( f i g .  34) .  It i s  i n t e r e s t i n g  t o  note t h a t  when the dose w a s  
increased t o  2.5-3 mg/kg, t h e  e f f e c t  on the coronary v e s s e l s  w a s  n o t  in ten­
s i f i e d .  Moreover, i n  s e v e r a l  experiments the i n j e c t i o n  of 3-4 mg/kg of mor­
phine i n t e n s i f i e d  the ref l e x e s  10-15 percent  above the  o r i g i n a l  l e v e l .  

F igu re  34. E f f e c t  of morphine (1mg/kg) on r e f l e x  changes i n  
r e s i s t a n c e  of t he  coronary v e s s e l s  and blood pressure a f t e r  
s t imu la t ion  of the  a f f e r e n t  f i b e r s  of t h e  t i b i a l  nerve. Top 
t o  bottom: perfusion p res su re ,  blood pressure ,  mark of stimu­
l a t i o n  and i n j e c t i o n  of the agent ,  time m a r k - - 5  sec .  

a--background and i n j e c t i o n  of morphine; b - - i n h i b i t i o n  of 
r e f l exes ;  c - - r e s t o r a t i o n  of r e f l e x e s  t o  o r i g i n a l  l e v e l .  

The increase i n  the  r e f l e x e s  l a s t e d  a f a i r l y  long time (1-1/2- 2 h o u r s ) .  
Owing t o  the  method used, we were unable t o  observe t h e i r  r e t u r n  t o  the o r i g ­
i n a l  l e v e l .  

Thecodeine has a s i m i l a r  e f f e c t  on t h e  coronary vascular  r e f l e x e s .  It 
w i l l  be noted, however, t h a t  the  a c t i o n  of t h i s  drug i s  more pronounced when 
administered i n  smaller  doses.  For example, i n  doses of 0.3-0.5 mg/kg it 
i n h i b i t e d  the  r e f l e x e s  by 30-40 percent  of t h e  o r i g i n a l  va lues .  The s i g r i ­
f icance  l e v e l  of the i n h i b i t i n g  e f f e c t  of thecodeine on cardiovascular  r e f l e x e s  
w a s  p < 0.001 when used i n  a dose of 1 mg/kg. 

S t a t i s t i c a l  processing of the  r e s u l t s  of experiments i n  which the  e f f e c t  
of t h i s  dose of thecodeine on cardiovascular  r e f l e x e s  w a s  i n v e s t i g a t e d  a f t ex  



s t imu la t ion  of a f f e r e n t  f i b e r s  of t he  t i b i a l  nerve revealed t h a t  t hey  were i n ­
h i b i t e d  by 76*10.2 percent  (mean of 6 experiments) .  I n  some cases  t h e  drug 
suppressed the  r e f l e x e s  e n t i r e l y .  It a l s o  i n h i b i t e d  blood pressure r e f l e x e s .  
For example, i n  t he  above-mentioned s e r i e s  of experiments with s t imu la t ion  of 
the t i b i a l  nerve, the  p re s so r  vascular  r e f l e x e s  w e r e  i n h i b i t e d  by 664Q.7 p e r ­
cent .  The e f f e c t  w a s  t r a n s i e n t  (it l a s t e d  no more than l2-15minutes) .  When 
administered i n  l a r g e  doses (3-3.5 mg/kg) , thecodeine,  l i k e  morphine, i n t e n s i ­
f i e d  the cardiac r e f l e x e s .  

Demerol i s  l ikewise capable of i n h i b i t i n g  c m d i a c  r e f l e x e s .  A f t e r  admin­
i s t r a t i o n  of 0.3-05 mg/kg, t he  r e f l e x e s  decreased 75-80 percent  of the  o r i g i n a l  
va lues .  The s i g n i f i c a n c e  l e v e l  of t he  i n h i b i t i n g  a c t i o n  of promedol on the  
coronary vascular  r e f l e x e s  w a s  p < 0.01 when used i n  a dose of 1 mg/kg. I n  
6 experiments t h i s  dose i n h i b i t e d  the r e f l e x e s  69&6.6 percent on the  average. 
Blood pressure r e f l e x e s  i n  the  same experiments were i n h i b i t e d  663~2.7pe r ­
cent ,  the  e f f e c t  l a s t i n g  16-18 minutes. When the  dose w a s  increased t o  2-3 mg/ 
kg, the  e f f e c t  w a s  n o t  i n t e n s i f i e d .  Larger doses u s u a l l y  f a i l e d  t o  change the  
magnitude of the r e f l e x e s .  Sometimes the r e f l e x e s  increased s l i g h t l y  (5-6 pe r ­
cent  above the  o r i g i n a l  magnitudes). 

The adminis t ra t ion of methadon i n  doses of 0.3-0.5 mg/kg decreased the  
r e f l e x e s  30-50 percent ,  b u t  a dose of 1mg/kg o f t e n  completely suppressed 
the r e f l e x e s  of the  cardiac ves se l s .  S t a t i s t i c a l  processing of the  r e s u l t s  
of the  experiments i n  which the  e f f e c t  of methadon on coronary vascular  re­
f l e x e s  w a s  i n v e s t i g a t e d  a f t e r  s t imu la t ion  of t h e  t i b i a l  nerve revealed t h a t  
they were i n h i b i t e d  82k8.1 percent .  Blood pres su re  r e f l e x e s  i n  the  same ex­
periments were i n h i b i t e d  65*8.6 percent .  The e f f e c t  of methadon w a s  more pro­
longed than t h a t  of t he  o ther  analgesics .  The r e f l e x e s  became normal 30-35 
minutes after the  drug w a s  administered. 

The admin i s t r a t ion  of l a rge  doses of methadon i n  our experiments w a s  
d i f f i c u l t  because i n  doses of 2-3 mg/kg the  drug a f f e c t s  cardiac a c t i v i t y  and 
sharply lowers blood pressure .  

Our observations showed t h a t  a l l  the ana lges i c s  under i n v e s t i g a t i o n  when 
administered i n  r e l a t i v e l y  s m a l l  doses i n h i b i t  the  r e f l e x e s  of the coronary 
v e s s e l s .  These doses can be considered more or l e s s  equivalent  t o  the rapeu t i c  
doses. The f i g u r e s  obtained a f t e r  s t a t i s t i c a l  processing of the  r e s u l t s  axe 
presented i n  t a b l e  15. This processing included only the experiments i n  which 
the  r e f l e x e s  were e l i c i t e d  by s t imulat ing the  a f fe ren t ,  f i b e r s  of somatic nerves,  
the magnitude of which is  unaffected by changes i n  the  l e v e l  of a r t e r i a l  p res ­
sure .  The changes i n  c a r o t i d  s inus r e f l e x e s  for whLch th i s  f a c t o r  has  s i g n i ­
f icance were not taken i n t o  account i n  t he  s t a t i s t i c a l  processing.  

It i s  ev iden t  from t a b l e  15 t h a t  methadon i s  more powerful than morphine 
i n  ir ' .L t ing coronary vascular  r e f l e x e s .  The d i f f e r e n c e s  i n  the  e f f e c t  
exertid by the o ther  analgesics  are  s t a t i s t i c a l l y  i n s i g n i f i c a n t .  Some idea  
of t he  comparative a c t i v i t y  of these  substances may be obtained from f i g u r e  
35, where the  r e s u l t s  of experiments with ana lges ics  a re  represented g raph ica l ­
l y  with t h e  confidence l i m i t s .  It i s  a l s o  i n t e r e s t i n g  t o  note t h a t  morphine 
has a somewhat more i n h i b i t i n g  e f f e c t  on coronary vascular  r e f l e x e s  than on 
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blood pressure r e f l e x e s .  This  d i f f e rence  i s  a l s o  apparent ,  though l e s s  pro­
nounced, i n  the  case of methadon. However, our observat ions,  which are based 
on a comparison of t h e  values  of the  r eg iona l  and systemic reflexes, are i n ­
s u f f i c i e n t l y  p rec i se  t o  warrant  t h e  a s s e r t i o n  t h a t  t hese  sv.bstames e x e r t  a 
s e l e c t i v e  inf luence  on the  coronary vesse l s  a lone.  

TABLE 15. E F F E C T  OF ANALGESICS (MORPHINE, THECODEINE, DEMEROL, 
METHUDON) ON CORONARY VASCULAR REFLEXES AFTER STIMULATION OF THE 
AFFERENT FIBERS OF THE T I B I A L  AND MEDIAN NERVES (MEAN DATA WITH 
THE STANDARD ERROR) 

Agent 

- . 

Morphine 

Thecodeine 

Demerol. 

Methadon 

__  

Signi f icance  
of i n h i b i t i n g  
a c t i o n  of t h e  
substance1 

n=7 
t=5.62 
p<o .002 
n=6 
t=8;og 
p=o .001 
n=6 
t=5 .22  
p<o .01 
n=5 
t=4 .03  
p<o .02 

-

~. 

I n h i b i t i o n  
of coronary 
vascular  
r e f l e x e s  as 
percent  of 
o r i g i n a l  
values 

63 f. 6.2 

76 f 10.2 

69 f 6.6 

82 f 8.1 

I n h i b i t i o n  of 
blood pressure  
r e f l e x e s  as 
per  cent  of 
o r i g i n a l  
values  

~~ 

35 * 10.7 

-74  f 10 

66 f 2.7 

65 f 8.6 

W e  should a l s o  l i k e  t o  po in t  ou t  t h a t  coronary vascular  r e f l exes  changed 
t o  an equal degree under t h e  inf luence  of t h e  ana lges ics  regard less  of t h e  par ­
t i c u l a r  ref lexogenic  zone s t imula ted .  

W e  mentioned above t h a t  t h e  use of l a r g e  doses of ana lges ics  gene ra l ly  
increases  t h e  r e f l e x e s  of t h e  coronary vesse l s .  Presumably, t h e  d i f f e rence  i n  
ac t ion  of t h e  ana lges ics  i n  r e l a t i o n  t o  the doses used was one of t h e  reasons 
f o r  t h e  cont rad ic tory  views of those  who have inves t iga t ed  t h e  problem. 

I n  seve ra l  experiments with ana lges ics  and o the r  neurotropic  agents,  w e  
observed a phase q u a l i t y  i n  t h e i r  e f f e c t s  on reg iona l  r e f l exes .  These e f f e c t s  

'The s ign i f i cance  of t h e  i n h i b i t i n g  a c t i o n  of t h e  substances on t h e  coronary 
vascular  r e f l exes  w a s  determined from t h e  c r i t e r i o n  O f  t h e  s ign i f i cance  of 
t h e  mean d i f f e rence .  
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Figure 35. Comparison of the effect of analgesics on coronary 

vascular reflexes after stimulation of the tibial nerve (the 

mean values of reflex inhibition are shown in each series of 

experiments in percentages of the original values with the 

confidence limits) 


1 - methadon; 2 - thecodeine; 3 - demerol; 4 - morphine 

were evidently caused not by the specific action of the substances but by the 

manifestation of certain aspects of their influence on the central nervous 

system. 


In summary, the effectiveness of the analgesics, with the exception of 

morphine, is not due to their direct influence on the cardiac vessels. Only 

morphine is capable of increasing the myocardial blood supply as a result of 

weakened coronary vascular tone. However, when administered in doses equiva­

lent to the therapeutic, these drugs constrict the cardiac vessels. This 

property combined with their specific pain-relieving action is clearly respon­

sible for the beneficial effect they have on coronary disorders. When used 

in the clinic, it should also be borne in mind that large doses may promote 

deterioration of the myocardial blood supply owing to increased coronary vas­

cular tone or intensified coronary reflexes. The only exception is morphine, 

which in most instances improves the cardiac blood supply. 


2. Phenothiazine Derivatives 


We previously described a detailed investigation on the effect of phe­
nothiazine derivatives on some factors that determine the cardiac blood 
supply. According to our observations, chloracizin and mepazine markedly 
increase the volume rate of the coronary flow, whereas chlorpromazine is 
very weak in this respect. Despite the capacity of chlorpromazine to re­
duce the resistance of the cardiac vessels, it has little affect on the 
rate of blood flow therein because it induces a pronounced hypotension, re­
sulting in lowered effectiveness of hemodpamic regulation of the blood flow 
in the cardiac vessels. 

Judging by the results of clinical trials of these substances, chloracizin, 
mepazine, and chlorpromazine all have a beneficial effect on coronary disorders. 
It is thus reasonable to assume that ‘thenormalizing influence of the different 
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phenothiazine compounds on the coronary circulation is due to a variety of 

mechanisms. 


Since coronary vasomotor tone plays a major part in the development of 
attacks of angina pectoris and this tone can be altered by reflexes, we thought 
it would be interesting to determine whether there is a connection between the 
normalizing influence of the phenothiazine derivatives on the cardiac blood 
supply and their action on the coronary vascular reflexes. It is known from 
the literature that most of the neuroplegic compounds are capable of inhibiting 
these reflexes. Chlorpromazine has been the most studied agent in this respect. 
For example, Courvoisier, Fournel, Ducrot, Kolsky, and Koetschet, (1953) found 
that a small dose of chlorpromazine (0.l-1 mg/kg) decreased blood pressure re­
flexes elicited by stimulation of the carotid sinus receptors and that a large 
dose inhibited them completely. Other investigators confirmed this finding 
(Dasgupta and Werner, 1954; Krause and Schmidtke-Ruhnau, 1955;Kalkoff, 1955; 
Medvedev, 1957). 

Mepazine is a l s o  capable of inhibiting-vasomotorreflexes, but to a lesser 
degree. According to Nieschulz, Popendiker, and Hoffman (1955), mepazine in 
doses of 3-5 mg/kg decreases blood pressure reflexes elicited by occlusion of 
the carotid arteries. Yu. I. Vikhlyayev (1958)found that intravenous injec­
tion of 5 mg/kg of the drug inhibited blood pressure reflexes from.thecarotid 
sinus receptors, afferent fibers of the femoral and sciatic nerves, and in­
testinal and gallbladder receptors by 20-40percent of the original values. 

There are a l s o  published reports describing the inhibiting effect of 
chlorpromazine and mepazine on blood pressure reflexes elicited by stimulating 
the mechano- and chemoreceptors of the heart. 

Some interesting data were obtained by M. Yu. Ladinskaya (1938),who in­

vestigated the effect of chlorpromazine and mepazine on blood pressure reflexes 

arising in response to restriction of blood circulation in the heart as a result 

of occlusion of the left descending coronary artery. She found that chlorpro­

mazine has a more powerful effect on the vascular reflexes, whereas mepazine is 

more capable of normalizing the myocardial blood supply. According to V. V. 

Zakusov (1960)and I. N. Pidevich (1960), chlorpromazine is also capable of in­

hibiting the coronary chemoreflex 6licited by veratrine or serotonin. !The 

coronary chemoreflex may also be inhibited by other phenothiazine.derivatives 

or by anesthetics potentiated by them (Dews and Graham, 1946; Irmer and KOSS, 

1953)* 

There are references in the literature to the fact that the phenothiazine 
derivatives are capable, as a rule, of inhibiting blood pressure reflexes eli­
cited by stimulating the mechano- and chemoreceptors of vargous receptor fields. 
This information is grounds for assuming that these compounds C~JIa l s o  inhibit 
regional vasomotor reflexes. 

As in our previous investigations, we elicited coronary vascular reflexes 
by stimulating carotid sinus receptors and central segments of the tibial and 
median nerves. The experiments showed that chlorpromazine is the most active 
of the phenothiazine derivatives. Even in as low a dose as 0.1-0.2mg/kg it 
decreased the magnitude of the cardiac reflexes by 40-50 percent of the original 



values,  i t s  e f f e c t  after s m a l l  doses l a s t > i n g20-35 minutes. S t a t i s t i c a l .  proces­
s i n g  of t h e  results of  t h e  experiments wi th  s t imu la t ion  of t he  t i b i a l  nerve i n  
which chlorpromazine w a s  adminis tered i n  a dose of 0.3 mg/kg revea led  t h a t  t h e  
coronary vascular  r e f l e x e s  w e r e  i n h i b i t e d  by 64 f 6.7 percent .  Judging by t h e  
c r i t e r i o n  of s ign i f i cance  of t h e  m e a n  d i f f e rence ,  t h e  i n h i b i t i n g  e f f e c t  of 
chlorpromazine on t h e  reg iona l  r e f l e x e s  o f  t h e  card iac  vessels fol lowing ad­
min i s t r a t ion  of a dose of 0.3 mg/kg w a s  s i g n i f i c a n t  with a l e v e l  of p < 0.02. 
Increasing t h e  dose of chlorpromazine t o  1 mg/kg gene ra l ly  r e s u l t e d  i n  t o t a l  i n ­
h i b i t i o n  of t h e  coronary vascular  r e f l e x e s  ( f i g .  36a), i t s  e f f e c t  l a s t i n g  1-1/2­
2 hours.  Owing t o  t h e  p a r t i c u l a r  method t h a t  w e  used, we were unable i n  most 
cases t o  observe t h e  r e f l e x e s  r e tu rn ing  t o  normal. Changes i n  t h e  blood pres­
sure  r e f l e x e s  under t h e  i-:?luence of chlorpromazine were p a r a l l e l e d  by t h e  car ­
d i a c  r e f l exes .  For example, after adminis t ra t ion  of a dose of 0 . 3  mg/kg, t hese  
r e f l exes  were in h i b i t e d  by 73 h 6 percent .  

I G  

Figure 36a. Ef fec t  of chlorpromazine (1mg/kg) on r e f l e x  changes 
i n  r e s i s t a n c e  of t h e  coronary v e s s e l s  caused by s t imula t ion  of t he  
a f f e r e n t  f i b e r s  of t he  t i b i a l  nerve.  Top t o  bottom: per fus ion  
pressure ,  blood pressure ,  mark of s t imu la t ion  and i n j e c t i o n  of t h e  
agent ,  t i m e  mark--5 see .  

a--background and i n j e c t i o n  of chlorpromazine; b--3O min a f t e r  
i n j e c t i o n .  

Mepazine l ikewise  i n h i b i t s  t h e  coronary r e f l e x e s .  I t s  ac t ion ,  however, i s  
l e s s  pronounced and it appears only when adminis tered i n  doses of 2-5 mg/kg. 
The i n h i b i t i n g  a c t i o n  of mepazine i n  a 3 mg/kg dose on t h e  card iac  r e f l exes  i s  
s i g n i f i c a n t  with a l e v e l  of p < 0.001. 

S t a t i s t i c a l  processing of t h e  results of  t h e  experiments i n  which mepa­
zine w a s  i n j e c t e d  i n  t h e  aforementioned dose showed t h a t  t h e  coronary r e f l exes  
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were inhibited by 65 f 6.6 percent, the effect lasting 25-30minutes. The 

blood pressure reflexes were inhibited in the same experiments by 54 f5.1 

percent. 


The least active of the phenothiazine compounds with respect to the vas­

cular reflexes was chloracizin. Its effect was not manifested in all the ex­

periments. The cardiac reflexes were inhibited in most of the experiments 

(fig. 36b), but in some cases they were completely unaffected (fig. 36~)or 

even slightly intensified. An increase in the reflexes, amounting to 5:lO per­

cent of the original values, occurred only during the first 5-7minutes after 

the drug was administered. This was followed by inhibition of the reflexes. 


1 I 

Figure 36b. Decrease in value of coronary reflexes under the 
influence of chloracizin. Top to bottom: perfusion pressure, 
blood pressure, mark of stimulation and injection of the agent, 
time mark--> sec . 
a--backgroundand injection of chloracizin; b-- 2 min after 
injection; c--25 min after injection. 

Statistical processing of the results of the experiments in which chlor­
acizin gas used in a dose of 5 mg/kg showed that its effect on che coronary 
reflexes is an inhibiting one. Judging by the criterion of significance of 
the mean difference, inhibition of the cardiac reflexes by injection of 5 
mg/kg of chloracizin is significant with a level of p < 0.02, amounting to 
an average of 23 rt 7.3 percent in 11 experiments. If in statistical analysis 
of the experimental data only those experiments are considered in which 
chloracizin inhibited the coronary reflexes, its effect averaged 47 f 4.7per­
cent in 7 experiments (table 16). The blood pressure reflexes changed more 
stably under the influence of chloracizin than did the cardiac reflexes. 
After administration of a dose of 5 mg/kg, inhibition of these reflexes 
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amounted t o  40 f 5.1 percent  (all t h e  experiments involving t h e  use of chlora­
c i z i n  i n  t h e  aforementioned dose w e r e  included i n  t h e  process ing) .  The e f f e c t  
of t h e  drug on t h e  vascular  r e f l e x e s  l a s t e d  20-25 minutes. 

Table 16 p resen t s  t h e  d a t a  r e f l e c t i n g  t h e  results of t h e  experiments i n  
which t h e  e f f e c t  of phenothiazine d e r i v a t i v e s  on coronary r e f l e x e s  w a s  i n v e s t i ­
gated.  In  summary, t hese  substances are capable of i n h i b i t i n g  t h e s e  r e f l exes ,  
with chlorpromazine t h e  most a c t i v e  of  t h e  compounds under study. The ac t ion  
of mepazine i s  manifested when it i s  used i n  l a r g e  doses and it i s  of s h o r t e r  
dura t ion .  Chloracizin has an i r r e g u l a r  e f f e c t  on t h e  card iac  r e f l e x e s .  I n  
t h e  g r e a t  major i ty  of cases  it i n h i b i t s  them. But i n  some cases  t h e  r e f l e x e s  
do not change or increase  f o r  a shor t  pe r iod  of time. 

TABLE: 16. EFFECT OF PHENOTHIAZINE DERIVATIVES ON CORONARY 
VASCULAR REFLEXES AFmR STIMULA.TION OF THE AFFERFNT FIBERS 
OF THE TIBIAL NERVE. 

F: Signi f icance  
*rl w of i n h i b i t i n g  

Agent agent  of t h e
a" 3 substances1 

Chlorproma- 0 . 3  n=4 
z i n e  t=4.60 

p<o .02 
1 n=5 

t=6.80 
p<o .001 

Mepazine 3 	 n=6 
t=6.66 
p<o .002 

Chloracizin 5 n=7 
t=5.89 
p<o .02 
n = l l  
t=3.47 
p<o .02 

I n h i b i t  i on  I n h i b i t i o n  
of coronary of  blood 
r e f l e x e s  as p res  sure  
percent  of r e f l e x e s  as 
o r i g i n a l  percent  of Remarks 
values2 o r i g i n a l  

values 

64 66.7 73 *6 

87 f5 .2  89 68.2 

65 k6.6 54 w.1 

25 *7.3 40 *5.1 

47 54.7 43 *7.3 

Only the  
experiments 
involving 
the  i n h i b i t ­
ing ac t ion  
of ch lora­
c i z i n  on 
t h e  r e f l e x e s  
were con­
s ide red  i n  
the  s ta t i s ­
t i c a l  proc­
es s ing .  

k i g n i f i c a n c e  of t h e  i n h i b i t i n g  ac t ion  of t h e  substances on the  coronary vaccu­

lar r e f l exes  w a s  determined from t h e  c r i t e r i o n  of t h e  s ign i f i cance  of t he  mean 

d i f f e rence .  

2The t a b l e  presents  t he  mean d a t a  from the  experiments i n  each s e r i e s  with the  

standard e r r o r .  
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Figure 36c. Absence of change in value of coronary reflexes 
under the influence of chloracizin (2 mg/kg) . Top to bottom: 
perfusion pressure, blood pressure, mark of stimulation and 
injection of the agent, time mark--5 sec. 

a--backgroundand injection of chloracizin; b--9 min after 
injection. 

The results of our experiments with chlorpromazine and mepazine agree 

with the data of other investigators who studied the effect of these agents 

on systemic vasomotor reflexes. However, their mechanism is still obscure. 

Some relate the inhibiting action of chlorpromazine and, especially, mepazine 

on vascular reflexes to their anesthetizing the receptors of the vessels 

(Gadermann and Donat, 1955b; Matthies, Wiegershausen, Otto, and Scholz, 1956; 

Wiegershausen, Scholz, and Matthies, 1957). But Yu. I. Vikhlyayev (1960)

found in experiments with cross circulation in the vessels of the extremi­

ties that retained only a nervous connection with the organism that intra­

venous injection of the donor with 10 mg/kg of chlorpromazine had no per­

ceptible effect on the vascular chemoreceptors, for the latter still re­

mained sensitive to acetylcholine. Thus, endovasal anesthesia does not seem 

to play an important role in the inhibiting action of neuroplegics on vas­

cular reflexes. 


Several authors sought to determine whether this effect is due to the 

central or peripheral (sympatholytic) action of the drugs. The answer to this 

question more or less rests on the mechanism of the vasoconstrictor action of 

chlorpromazine and similar agents. The most convincing data have come from in­

vestigators who used the method of cross perfusion of various vascularly iso­

lated parts of the body. 


For example, Decourt (1954) perfused with donor blood vessels in the lower 

trunk of dogs that retained only a nerve connection with the body. Perfusion 

was carried out by means of a pump that ensured a constant flow of blood. He 




found t h a t  hypotension developed i n  t h e  v e s s e l s  of the i s o l a t e d  region on ly  
when chlorpromazine w a s  g iven t o  the dog donor. When given t o  t h e  dog r e c i p i ­
e n t ,  t h e  ves se l s  of t h e  i s o l a t e d  region c o n s t r i c t e d  while t h e  o the r  v e s s e l s  i n  
t h e  t runk  d i l a t e d .  

The author c i t e s  t hese  experiments as proof t ha t  chlorpromazine has  no 
ganglion-blocking a c t i o n .  Some broad conclusions can be drawn from Decourt 's  
i nves t iga t ions .  

F i r s t ,  t h e  vasod i l a to r  a c t i o n  of t h e  drug does no t  appear t'o be connected 
with i t s  i n h i b i t i n g  a c t i o n  on t h e  c e n t r a l  nervous system because t h e  v e s s e l s  
of t h e  i s o l a t e d  region do no t  d i la te  af ter  intravenous i n j e c t i o n  of t h e  r e c i p i ­
e n t  w i t h  chlorpromazine. 

Secondly, t h e  vasocons t r i c to r  ac t ion  i n  t h e  i s o l a t e d  region i s  obviously 
due t o  a r e f l e x  from t h e  vascular  r ecep to r s  i n  o t h e r  regions of t h e  body i n  
response t o  the lowering of blood pressure t h e r e .  

Chlorpromazine does n o t  appear t o  a f f e c t  the s e n s i t i v i t y  of the vascu la r  
r ecep to r s  nor does it suppress c e n t r a l  pressor  impulses a r i s i n g  from hypoten­
s i o n  i n  t h e  animal 's  t runk .  Similar  r e s u l t s  w e r e  obtained by Kovach, Klein­
sorge,  Roheim, I r a n y i ,  and Rb;sner (1957),who s tud ied  the mechanism of vaso­
d i l a t o r  a c t i o n  of mepazine. These i n v e s t i g a t o r s  found t h a t  when donor blood 
w a s  perfused t o  t h e  head of a dog r e c i p i e n t  t h a t  r e t a i n e d  i t s  connection w i t h  
t h e  organism through the s p i n a l  cord and vagosympathetic t runks ,  mepazine i n ­
travenously i n j e c t e d  i n t o  t h e  dog r e c i p i e n t  d i d  not change the tone of v e s s e l s  
i n  t h e  vascu la r ly  i s o l a t e d  head. Blood pressure f e l l  i n  the animal 's  t runk .  
It fol lows from t h e s e  experiments that  p e r i p h e r a l  inf luences predominate i n  
the  mechanism of vasod i l a to r  a c t i o n  of mepazine. 

An ana lys i s  of the e f f e c t  of chlorpromazine on vasomotor r e f l e x e s  w a s  
made by Yu. I .  Vikhlyayev (1960),who used i n  h i s  experiments t he  method of 
c ros s  perfusion ( w i t h  a constant  blood flow r a t e )  of ves se l s  of an extremity 
i s o l a t e d  from the blood c i r c u l a t i o n  but  r e t a i n i n g  a nerve connection w i t h  
t h e  organism. The r e f l e x e s  of t h e s e  v e s s e l s  were e l i c i t e d  by s t imu la t ing  the 
r ecep to r s  of t h e  c a r o t i d  s i n u s  and a f f e r e n t  nerves.  Intravenous i n j e c t i o n  of 
t h e  c a t  r e c i p i e n t  w a s  found t o  have no e f f e c t  on the  i n t e n s i t y  of the r e g i o n a l  
r e f l e x e s .  However, these r e f l e x e s  were completely i n h i b i t e d  by i n j e c t i n g  t h e  
donor with t h e  drug o r  by i n j e c t i n g  it d i r e c t l y  i n t o  t h e  v e s s e l s  of the i s o ­
l a t e d  extremity.  

The observations descr ibed above suggest t h a t  t he  p e r i p h e r a l  e f f e c t  of 
chlorpromazine and mepazine plays a major r o l e  i n  t h e  mechanism of ac t ion  on 
t h e  vascular  r e f l e x e s .  Pe r t inen t  here  are the  d a t a  of some authors on the cen­
t ra l  i n h i b i t i n g  ac t ion  of chlorpromazine w i t h  r e s p e c t  t o  t h e  vascular e f f e c t s .  
For example, Dasgupta and Werner (1954)observed t h a t  t h e  i n t r a c i s t e r n a l  i n j e c ­
t i o n  of chlorpromazine lowered blood pressure and i n h i b i t e d  r e f l e x e s  from t h e  
c a r o t i d  s inus .  They a l s o  found t h a t  t h e  drug i n h i b i t e d  pressor  responses t o  
s t imulat ion of some regions of t he  hypothalamus and medulla oblongata. Simi­
lar d a t a  were obtained by A. V .  Val'dman e t  a l .  ( A .  V .  Val'dman, Z.  N .  Ivanova, 
G .  V .  Kovalev, V .  P .  Lebedev and A .  I .  Shapovalov, 1960). We note,  however, t h a t  
t hese  observations,  which are of independent i n t e r e s t ,  do not  warrant d e f i n i t e  
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conclusions as t o  t h e  p a r t  played by t h e  c e n t r a l  component i n  t h e  mechanism of 
ac t ion  of chlorpromazine on the  vascular  r e f l e x e s .  

W e  have a l r eady  presented d a t a  i n d i c a t i n g  t h a t  t h e  e f f e r e n t  l i n k  i n  t h e  
r e f l e x  a r c  of t h e  coronary r e f l e x e s  does not  d i f f e r  i n  p r i n c i p l e  f r a m  t h e  e f f eF  
e n t  pathways along which impulses responsible  f o r  t h e  development of o the r  r e ­
f l e x e s  t r a v e l .  It would s e e m ,  t h e r e f o r e ,  t h a t  t h e  p r e v a i l i n g  ideas  concern­
ing t h e  mechanism of a c t i o n  of t h e  phenothiazine d e r i v a t i v e s  on vasomotor re ­
f l exes  are a l s o  app l i cab le  t o  the  coronary r e f l e x e s .  

W e  do not as y e t  have anyexperimental  d a t a  t o  suggest a poss ib l e  cause f o r  
t h e  i n c o n s i s t e n t  e f f e c t  of c h l o r a c i z i n  on t h e  cardiovascular  r e f l e x e s .  L .  A .  
Kitayev-Smyk ( 1960) found t h a t  ch lo rac i z in  i n  r e l a t i v e l y  low doses increased 
t h e  vascular  r e f l e x e s  e l i c i t e d  by e l e c t r i c  s t imu la t ion  of t h e  higher autonomic 
c e n t e r s  of t h e  b r a i n .  Hence, it i s  reasonable t o  assume t h a t  t h e  i n c o n s i s t e n t  
e f f e c t s  of t he  drug may stem from t h e  c e n t r a l  e x c i t i n g  component i n  t h e  mecha­
nism of a c t i o n .  

Some c l i n i c a l  implicat ions emerge from a comparison of t he  a c t i v i t y  of t he  
compounds under study wi th  r e s p e c t  t o  t h e  var ious ind ices  t h a t  r e f l e c t  t he  c a r ­
diac blood supply.  Since the increase i n  volume rate  of t he  coronary flow under 
the  inf luence of chlorpromazine i s  s l i g h t ,  c l i n i c a l  observations on i t s  e f f e c ­
t i v e n e s s  i n  t h e  t reatment  of coronary d i so rde r s  can apparent ly  be a t t r i b u t e d  t o  
i t s  ::apacity t o  i n h i b i t  t h e  ca rd iac  r e f l e x e s .  El iminat ion of t h e  r e f l e x  com­
ponent does no t  seem t o  p l ay  an important p a r t  i n  t h e  mechanism of a c t i o n  of 
ch lo rac i z in  on the  coronary c i r c u l a t i o n .  This view i s  i n  l i n e  with t h e  c l i n i c a l  
d a t a  which show t h a t  c h l o r a c i z i n  i s  l eas t  e f f e c t i v e  a g a i n s t  t h e  neurogenic forms 
of angina p e c t o r i s .  

It i s  c1e:tr from our d i scuss ion  of  t h e  phenothiazine d e r i v a t i v e s  t h a t  a 
knowledge of the mechanism of a c t i o n  of pharmacological agents  on the ca rd iac  
blood supply i s  e s s e n t i a l  f o r  t h e i r  e f f i c i e n t  use i n  t r e a t i n g  var ious forms 
of coronary i n s u f f i c i e n c y .  

3 .  N i t r i t e s  and N i t r a t e s  

Study of ana lges i c s  and phenothiazine d e r i v a t i v e s  shows t h a t  t h e  a b i l i t y  
of t h e s e  agents t o  a f f e c t  t he  magnitude of coronary vascular  r e f l e x e s  i s  an 
i.mportant l i n k  i n  t h e i r  mechanism of a c t i o n  on the  ca rd iac  blood supply. This 
i s  c l e a r l y  i l l u s t r a t e d  by the n i t r i t e s  and n i t r a t e s .  

N i t rog lyce r in  i s  one of t h e  o l d e s t  drugs used i n  t h e  treatment of angina 
p e c t o r i s .  According t o  m o s t i n t e r n i s t s ,  no o the r  known drug a c t s  so s w i f t l y  and 
s a f e l y  a t  the onset  of an anginal  a t t a c k .  I t s  e f f e c t i v e n e s s  i s  u s u a l l y  r e l a t e d  
t o  i t s  vasod i l a to r  a c t i o n  which spreads t o  d i f f e r e n t  vascu la r  regions,  especial­
l y  t o  t h e  ca rd iac  v e s s e l s .  However, a review of t h e  l i t e r a t u r e  r evea l s  t h a t  
t h i s  view i s  based on h i g h l y  con t r ad ic to ry  d a t a .  E a r l y  i n  t h e  20th century it 
w a s  experimental ly  demonstrated t h a t  n i t r o g l y c e r i n ,  amyl n i t r i t e ,  and sodium 
n i t r i t e  r e l a x  the smooth muscles of t he  ca rd iac  v e s s e l s  (Fransois-Franck,
1903; Schloss ,  1913). This f i n d i n g  w a s  l a t e r  confirmed by a number of inves­
t i g a t o r s  who used p repa ra t ions  of t h e  i s o l a t e d  h e a r t  i n  t h e i r  experiments 



(Bodo, 1927; Katz, Linder,  Weinstein, Abramson, and Jochim, 1938; Yu. S.  
Chechulin, 1958, 1960). 

On t h e  o ther  hand, t he  vasodi la tor  e f f e c t  of n i t r o g l y c e r i n  on the  card iac  
vesse ls  w a s  less  pronounced i n  experiments on i n t a c t  animals. Only those  au­
t h o r s  who used t h e  thermoelectr ic  method of recording t h e  blood f low noted a 
s i g n i f i c a n t  acce le ra t ion  of t h e  volume rate (by 30-100 percent )  under t h e  i n ­
fluence of n i t r o g l y c e r i n  (Essex, Herr ick,  Baldes,  and Mann, 1936; Essex, 
Wegria, Herr ick,  and Mann, 1940; Wegria, Essex, Herrick,  and Mann, 1940).  
Their observations are not  wholly convincing because t h e  method does no t  lend 
i t se l f  t o  obtaining q u a n t i t a t i v e l y  exac t  d a t a  (DErner, 1954). According t o  
o ther  i nves t iga to r s  who recorded the  coronary flow by methods permi t t ing  more 
exact  ca l cu la t ion  of t h e  e f f e c t  of pharmacological agents  throughout a series 
of experiments, n i t rog lyce r in  causes only a s l i g h t  increase  i n  the volume rate 
of the coronary flow. For example, Boyer and Green (1941) and Eckenhoff and 
Hafkenschiel, a f te r  recording t h e  volume rate of t he  coronary flow with bubble 
and diaphragm flow meters, found t h a t  n i t rog lyce r in  and sodium n i t r i t e  i n ­
jec ted  intravenously i n  r e l a t i v e l y  s m a l l  amounts caused a s l i g h t  (7-9 percent )  
and t r a n s i e n t  increase i n  t h e  coronary flow. These substances are much less 
potent  i n  t h i s  respec t  than papaverine and euphyl l ine.  I .  Y e .  Kis in  (1958) 
inves t iga ted  the e f f e c t  of n i t rog lyce r in  on blood drainage from the  c a t  coro­
nary s inus  and r e s i s t a n c e  of t he  coronary vesse l s  under autoperfusion condi­
t i o n s .  H e  found t h a t  n i t rog lyce r in  i n j e c t e d  intravenously (0.1-0.5mg/kg) or  
taken per os (1-2  mg/kg) had l i t t l e  e f f e c t  on drainage from the  coronary ves­
s e l s  or on t h e i r  r e s i s t ance  t o  t h e  blood flow. 

The observations of Gorl in  e t  a l .  (Smith and Gor l in ,  1956; Gorlin,  Bozer, 
and Vester, 1957; Gorl in ,  Brachfeld, Maelcod, and Bopp, 1959) are of consider­
able  i n t e r e s t .  They s tudied  the e f f e c t  of n i t rog lyce r in  on t h e  coronary c i r ­
cu la t ion  and on myocardial metabolism i n  human beings.  They found t h a t  t he  
drug s l i g h t l y  increased both the volume rate of t he  coronary flow and t h e  
oxygen consumption of the myocardium i n  hea l thy  persons,  but  it had no e f f e c t  
on t h e  r e s i s t a q c e  of t he  coronary vesse l s .  I n  p a t i e n t s  with angina p e c t o r i s ,  
n i t rog lyce r in  had no e f f e c t  whatever on t h e  volume rate of the coronary flow 
or on myocardial oxygen consumption, bu t  it d i d  reduce t h e  cardiac output ,  thus  
lowering ar ter ia l  and venous pressure and decreasing card iac  a c t i v i t y .  The 
authors  concluded t h a t  i t s  c l i n i c a l  e f f ec t iveness  i s  due no t  t o  i t s  capac i ty  
t o  d i l a t e  t he  coronary vesse ls  but  mainly t o  the  f a c t  t h a t  it reduces card iac  
a c t i v i t y  and thereby decreases  t h e  expendi ture  of energy requi red  f o r  myocar­
d i a l  cont rac t ions .  This view i s  a l s o  based on a s e r i e s  of observations on the  
capaci ty  of n i t rog lyce r in  t o  prevent adrenergic inf luences on t h e  hear t ,  as 
r e f l e c t e d  i n  the  increased f o r c e  of myocardial cont rac t ions  and g r e a t e r  i n ­
t e n s i t y  of t he  metabol i t ic  processes.  

The theory underlying these  inves t iga t ions  w a s  developed by Raab (1959), 
who maintains t h a t  angina l  a t t acks  are t h e  r e s u l t  of t h e  accumulation of 
catecholamines i n  the  myocardium which i n t e n s i f y  oxygen consumption and pro­
mote hypoxia. Raab and coworkers ( R a a b  and Humphreys, 1947; R a a b  and Lepesch­
k in ,  19.50a, 1950b) a l s o  assume t h a t  t he  mechanism of ac t ion  of some pharma­
cologica l  agents  e f f e c t i v e  i n  t r e a t i n g  angina pec to r i s  may be due t o  t h e i r  
ant iadrenergic  ac t ion .  Inves t iga t ing  n i t rog lyce r in  from t h i s  s tandpoint ,  they 
found t h a t  it decreased the  EKG changes ( inve r s ion  of t h e  T wave) caused by 



administering epine h r ine  and norepinephrine.  L a t e r ,  Ecks te in ,  Newberrg, Mc-
Eachern, and Smith 71.951)m a d e  a more d e t a i l e d  study of t h e  ac t ion  of n i t roglyce­
r i n  on some of the e f f e c t s  produced i n  t h e  myocardium by s t imula t ing  the  sympa­
t h e t i c  nervous system. I n  experiments on dogs, they recorded the coronary flow, 
myocardial oxygen consumption, f o r c e s  of card iac  cont rac t ions ,  and e l e c t r o c a r ­
diogram under normal condi t ions and after s t imula t ion  of t h e  sympathetic nervous 
system (by an e l e c t r i c  c u r r e n t  or by i n j e c t i o n  of epinephrine) .  They found that 
even l a rge  doses of n i t r o g l y c e r i n  d i d  no t  diminish t h e  i n t e n s i t y  of t he  E t a ­
b o l i t i c  processes  i n  the myocardium or other  e f f e c t s  augmented by s t imu la t ion  
of t h e  sympathetic nervous system and thus lacking i n  an t iadrenerg ic  ac t ion .  
The authors  are c r i t i c a l  of Raab f o r  basing h is  argument about the an t iadrener ­
g i c  ac t ion  of n i t r o g l y c e r i n  on EKG observat ions.  However, t he  invers ion  of 
t h e  T wave caused by the catecholamines and regarded by Raab as an ind ica to r  
of myocardial hypoxia does not develop even after prolonged impairment of the 
card iac  blood supply r e s u l t i n g  from occlusion of one of t he  coronary a r te r ies ,  
i . e .  , under the condi t ions of sharp myocardial hypoxia. 

Ecks te in ' s  d a t a  w e r e  la ter  confirmed by Popovich and Roberts (1956) ,who 
found that n i t rog lyce r in  d i d  no t  lower the l e v e l  of the metabol i t ic  processes  
of the  myocardium whose i n t e n s i t y  w a s  increased by norepinephrine.  Y e t ,  accord­
ing t o  Darby e t  a l .  (Darby, Sprouse, and Walton, 1958; Dmby and Aldiner ,  l960) ,  
n i t rog lyce r in  possesses an ino t rop ic  ac t ion ,  which appears after the develop­
ment of hypotension. This e f f e c t  does not occur a f t e r  a sympathectomy, bu t  it 
i s  more pronounced when the sympathetic nervous system i s  s t imulated.  I n  the 
opinion of these i n v e s t i g a t o r s ,  the decrease i n  e f f o r t  exer ted  by the heart 
( a f t e r  t h e  use of n i t rog lyce r in )  t o  overcome the sympathetic s t imula t ion  of the 
myocardium plays  a major r o l e  i n  the  d rug ' s  mechanism of ac t ion  i n  angina 
p e c t o r i s .  

There i s  also the view t h a t  n i t rog lyce r in  owes i t s  ef fec t iveness  aga ins t  
coronary c i r c u l a t o r y  d i so rde r s  t o  i t s  capac i ty  t o  s t imula te  the  development of 
c o l l a t e r a l  ves se l s .  For example, Smith (1921) found i n  experiments on dogs 
w i t h  impaired coronary c i r c u l a t i o n  caused by l i g a t i o n  of  a coronary a r t e r y  
t ha t  i n j e c t i o n  of n i t rog lyce r in  i n  the  reg ion  of an i n f a r c t  caused cyanosis 
t o  disappear because of the s m a l l  c o l l a t e r a l  ves se l s  opening up. According 
t o  Zoll and Norman (1952),  n i t r o g l y c e r i n  promotes the development of i n t e r a r t e r ­
i a l  anastomoses i n  guinea p igs  a f t e r  the coronary vesse l s  have been cons t r i c t ed .  
It w i l l  be noted, however, t h a t  t hese  p rope r t i e s  are l e s s  pronounced i n  n i t r o ­
g lyce r in  than i n  some o ther  substances capable of d i l a t i n g  the coronary vesse l s .  
A .  A .  Myazdrikova ( 1960) , who compared n i t rog lyce r in ,  papaverine , and ch lo rac i ­
z in  w i t h  r e spec t  t o  their  inf luence on the development of c o l l a t e r a l  c i r c u l a ­
t i o n  i n  t h e  myocardium af ter  experimental  i n f a r c t i o n ,  found n i t rog lyce r in  t o  be 
the least  potent  of a l l .  

I n  summary, there  are now two views preva len t  concerning t h e  mechanism of 
the normalizing ac t ion  of n i t rog lyce r in  on the coronary c i r c u l a t i o n .  The o lder  
and more e s t ab l i shed  one i s  that  n i t rog lyce r in  can d i l a t e  the card iac  v e s s e l s  
and thus improve the blood supply. T h i s  view i s  not completely convincing 
because the  drug ' s  c l i n i c a l  e f f ec t iveness  can sca rce ly  be due s o l e l y  t o  i t s  
capac i ty  t o  s l i g h t l y  increase  the volume rate of the coronary flow. The o the r  
vlew asc r ibes  the d rug ' s  e f f ec t iveness  t o  i t s  an t iadrenerg ic  ac t ion ,  b u t  most 
i nves t iga t ions  have f a i l e d  t o  confirm it. It i s  a l s o  doubt fu l  because it i s  
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based on t h e  conception of Raab (1959),who regards  t h e  complex and mul t i fa ­
ce ted  syndrome of angina p e c t o r i s  s o l e l y  as the r e s u l t  of catecholamines ac­
cumulating i n  t h e  myocardium. 

A s  a l ready  noted, the  experimental  observat ions advanced by the  author 
i n  favor  of h i s  view do not  exclude t h e  p o s s i b i l i t y  of o ther  f a c t o r s  being i n ­
volved i n  the  development of acute  coronary insuf f ic iency .  Thus, d e s p i t e  t he  
long c l i n i c a l  use of n i t rog lyce r in ,  t h e  underlying mechanism responsible  f o r  
i t s  e f f ec t iveness  i n  r e l i e v i n g  angina l  a t t acks  remains obscure. 

One p e c u l i a r i t y  of n i t rog lyce r in  i s  worth not ing.  Unlike most of the  
pharmacological agents used i n  the  treatment and prevention of coronary in su f ­
f i c i ency ,  n i t rog lyce r in  f; usua l ly  e f f e c t i v e  as soon as it i s  taken.  T h i s  be­
ing  t h e  case,  it occurred t o  us t h a t  such r a p i d  a c t i o n  might w e l l  be due t o  i t s  
e f f e c t  on r e f l e x e s  spreading t o  t h e  card iac  ves se l s  and causing them t o  become 
cons t r i c t ed .  

We presented above many f a c t o r s  showing t h a t  r e f l e x e s  of t h i s  kind may 
p lay  an important p a r t  i n  t h e  onset of anginal  a t t acks .  Before inves t iga t ing  
t h i s  aspect ,  w e  thought it necessary t o  make a q u a n t i t a t i v e  evaluat ion of t he  
e f f e c t  of n i t rog lyce r in  on the volume rate of t he  coronary flow and on t h e  
r e s i s t ance  of t h e  card iac  ves se l s  because of t he  per t inence of such information 
i n  e luc ida t ing  t h e  r o l e  of t h e  d rug ' s  d i r e c t  ac t ion  on t h e  coronary vesse l s  i n  
r e a l i z i n g  i t s  e f f e c t  on the cardiac blood supply. 

To determine whether these  p a r t i c u l a r  p rope r t i e s  of n i t rog lyce r in  are uni­
que or are a l s o  present  i n  o ther  drugs of t h e  same group, w e  performed a pa ra l ­
l e l  series of experiments with sodium n i t r i t e .  Both compounds w e r e  i n j e c t e d  
intravenously.  Ni t roglycer in  i n  doses of 0.1-0.5mg/kg produced r a t h e r  d i s  -
t i n c t  changes i n  the  coronary c i r c u l a t i o n  without markedly a f f ec t ing  the  gen­
eral  hemodynamics of t h e  organism. On the  basis of t he  same c r i t e r i a ,  w e  
used 0;5-1mg/kg doses of sodium n i t r i t e .  I n  some c o n t r o l  experiments n i t r o ­
g lycer in  w a s  administered per  os a t  t h e  r a t e  of 1-2  mg/kg. 

We were l e d  t o  perform experiments of t h i s  kind by observations on t h e  
capaci ty  of n i t rog lyce r in  t o  inf luence t h e  card iac  vesse ls  by r e f l exes  from 
the  buccal mucosa ( V .  N .  Solov 'yev) .  Our experiments, however, showed t h a t  
t he  volume rate of the  coronary flow changes t o  about the same ex ten t  regard­
less of which method i s  used, whether n i t rog lyce r in  i s  i n j e c t e d  intravenously 
i n  doses of 0.5-1mg/kg o r  i s  taken per os  i n  doses of 1-2 mg/kg. The only 
d i f fe rence  i s  the  t i m e  the  a t t ack  sets i n .  

Since n i t rog lyce r in  w a s  used i n  an alcohol  so lu t ion ,  con t ro l  experiments 
were a l s o  run with t h e  i n j e c t i o n  of a lcohol  i n  the  appropr i a t e  concentrat ion.  
No s i g n i f i c a n t  d i f fe rences  w e r e  noted i n  t h e  condi t ion of the coronary c i r cu ­
la t  ion. 

I n  the  f i r s t  s e r i e s  of experiments, w e  i nves t iga t ed  the  e f f e c t  of n i t r o ­
g lycer in  and sodium n i t r i t e  on t h e  volume rate of t he  coronary flow ( t a b l e  17). 
Nitroglycer in  i n j e c t e d  intravenously i n  a dose of 0.5 mg/kg increased the  rate 
s l i g h t l y .  I n  11 experiments, t h e  increase  i n  outflow from t h e  coronary s inus 
averaged 18 f 2.6 percent  while blood pressure dro.pped 16 f 2 percent .  The 



e f f e c t  w a s  b r i e f  and both  ind ices  u s u a l l y  r e tu rned  t o  t h e i r  o r i g i n a l  l e v e l  i n  
5-6 minutes. 

TABLE 17. EFFECT OF NITROGLYCERIN AND SODIUM NITRITE ON THE 
VOLUME RATE OF THE CORONARY FLOW, RESISTANCE OF THE CORONARY 
VESSELS, AND BLOOD PRESSURE (MEAN DATA I N  PEBCENT OF ORIGINAL 
LEVEL W I T H  THE STANDARD EKROR) 

m 
c m  
.ri a, 

a, 

m 
0Agent 

Ni t rog lyce r in  +lS&2,6 1 i l l , S i - i - 2 4 , 2  -2.3+--11,7[ --16&2,5
Sodium n i t r i t e  +17+5,2 i + 5,7-+28,3 -3,7-+ - . I G , ; ~ ]  -1953, 

The r e s u l t s  of the  experiments with sodium n i t r i t e  were s u b s t a n t i a l l y  the  
same. I n  12 experiments, a dose of 1mg/kg caused the volume r a t e  of drainage 
from t h e  coronary s inus t o  increase  by 17 f 5.2 percent  on the  average while 
blood pressure dropped 19 t 3 percent .  Thus, t h e  two drugs a re  a l i k e  i n  i n ­
t e n s i t y  of e f f e c t  on the  volume r a t e  of the blood flow, but  the  dynamics of the  
development of t h e  e f f e c t  i s  d i f f e r e n t .  N i t rog lyce r in  c l e m l y  lowers blood pres­
sure  as soon as it i s  administered. The volume rate of t he 'b lood  flow e i t h e r  
remains unchanged or decreases  s l i g h t l y .  After  1 or 2 minutes it increases .  
T h i s  e f f e c t  i s  t r a n s i e n t  and the volume r a t e  of blood outflow r e t u r n s  t o  the  
i n i t i a l  l e v e l  i n  6-8 minutes. 

Unlike n i t r o g l y c e r i n ,  sodium n i t r i t e  causes the volume r a t e  of t he  coro­
nary flow t o  increase  g radua l ly  u n t i l  it reaches a peak 3 or 4minutes a f t e r  
adminis t ra t ion .  A t  t he  same t i m e  blood pressure i s  dropping. Sodium n i t r i t e  
has a more sus t a ined  e f f e c t  than n i t r o g l y c e r i n .  The volume r a t e  of the  coro­
nary flow r e t u r n s  t o  the i n i t i a l  l e v e l  14-15 minutes after adminis t ra t ion 
( f i g .  37). 

I n  a second s e r i e s  of experiments, we inves t iga t ed  the  e f f e c t  of the  two 
drugs on r e s i s t a n c e  of the  coronary vesse l s .  N i t rog lyce r in  i n  a dose of 0.5 
mg/kg w a s  found t o  cause s l i g h t  changes i n  r e s i s t a n c e .  S t a t i s t i c a l  p rocess ing  
of t h e  r e s u l t s  showed tha t  i n  15 experiments, n i t r o g l y c e r i n  reduced r e s i s t a n c e  
only by 7 f 1 . 4  percent  on t h e  average. I n  some experiments t he re  w a s  e i t h e r  
no change o r  a s l i g h t  increase  ( f i g .  38) .  L i k e  n i t r o g l y c e r i n ,  sodium n i t r i t e  
s l i g h t l y  decreased the  r e s i s t a n c e  of t h e  caxdiac ves se l s .  I n  7 experiments, 
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Figure  37. E f f e c t  of n i t rog lyce r in  and sodium n i t r i t e  on t h e  
volume rate of t h e  coronary flow. Ordinate  - volume rate of 
the  coronary flow i n  ml/min. Abscissa - t i m e  i n  minutes. 
S o l i d  l i n e  - changes in blood flow under the  inf luence  of 
n i t rog lyce r in  ( 0 . 5  mg/kg) , broken l i n e  - changes i n  blood 
flow under the  , influence of sodium n i t r i t e  (1mg/kg) . 
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Figure 38. E f f e c t  of n i t rog lyce r in  ( 0 . 5  mg/kg) on r e s i s t a n c e  of 
the coronary vesse ls  and on blood pressure .  Top t o  bottom: blood 
pressure ,  perfusion pressure,  mark of adminis t ra t ion  of the  drug, 
t i m e  mark - 5 seconds. Broken l i n e s  - o r i g i n a l  l e v e l  of blood 
and perfusion pressures .  



t h e  r e s i s t a n c e  of the coronary vesse ls  a f t e r  intravenous i n j e c t i o n  of t he  drug 
i n  a dose of 1mg/kg decreased by 10 t 2.6 percent  on the  average. A s  i n  the 
experiments wi th  recording of blood drainage, blood pressure changed more grad­
u a l l y  a f t e r  the a c t i o n  of sodium n i t r i t e  than after n i t r o g l y c e r i n .  The r e s u l t s  
of s t a t i s t i c a l  processing of this series of experiments are presented  i n  t a b l e  
17. 

O u r  observat ions i n d i c a t e  t h a t  n i t r o g l y c e r i n  and sodium n i t r i t e  have only 
a s l i g h t  e f f e c t  on the  volume rate of t h e  coronary blood flow and r e s i s t a n c e  of 
the  coronary v e s s e l s .  This suggests  the  d e s i r a b i l i t y  of reviewing the earlier 
opinion on n i t r o g l y c e r i n  as a drug capable of s e l e c t i v e l y  d i l a t i n g  the  coronary 
v e s s e l s .  O f  i n t e r e s t  a r e  the  r e s u l t s  of the  series of experiments i n  which we  
i nves t iga t ed  the  e f f e c t  of n i t r o g l y c e r i n  on the  r e s i s t a n c e  of vesse ls  i n  d i f ­
f e r e n t  p a r t s  of t he  body ( h e a r t ,  e x t r e m i t i e s ,  s m a l l  i n t e s t i n e ) .  We found t h a t  
it r a t h e r  sharply reduced t h e  r e s i s t a n c e  of  t h e  i n t e s t i n a l  vesse ls  while 
s ca rce ly  a f f e c t i n g  t h a t  of t he  coronary vesse l s .  Presumably, t h e  hypoten­
s i v e  e f f e c t  of n i t r o g l y c e r i n  i s  r e a l i z e d  mainly through d i l a t a t i o n  of t he  
blood v e s s e l s  i n  t h e  abdominal cav i ty .  

To determine whether the  increase  i n  coronary blood flow produced by 
n i t r o g l y c e r i n  i s  responsible  f o r  i t s  c l i n i c a l  e f f e c t i v e n e s s ,  we compared the 
i n t e n s i t y  of i t s  a c t i o n  w i t h  t h a t  of papaverine, t i phen  ( 2  - diethylaminoethyl 
diphenylacetate  hydrochlor ide) ,  and phenothiazine d e r i v a t i v e s  ( c h l o r a c i z i n ,  
mepazine, and chlorpromazine). We p l o t t e d  the graph i n  the  sec t ion  on "Chlor­
ac iz in"  ( p .  102, f i g .  3 0 ) .  It i s  noteworthy t h a t  n i t r o g l y c e r i n  i s  one our th  
as po ten t  as papaverine.  Y e t  n i t r o g l y c e r i n  i s  more e f f e c t i v e  than papaverine 
i n  t h e  t reatment  of angina p e c t o r i s .  This suggests that  i t s  e f f e c t i v e n e s s  as 
an agent f o r  normalizing the  coronary c i r c u l a t i o n  i s  not due s o l e l y  t o  i t s  
vasod i l a to r  a c t i o n  on the  coronary vesse l s .  However, it w a s  reasonable t o  
assume t h a t  it i s  more e f f e c t i v e  i n  pa tho log ica l  s t a t e s ,  when t h e  card iac  
v e s s e l s  a r e  changed by a t h e r o s c l e r o s i s  o r  a r e  i n  spasm. To prove t h i s ,  we 
ran  a s e r i e s  of chronic experiments on c a t s  i n  which p i t u i t r i n  w a s  used t o  
induce spasm of t h e  coronary v e s s e l s .  The design of the  experiments w a s  as 
fol lows.  Three days be fo re  the  main experiment involving admin i s t r a t ion  of 
t he  drugs,  we performed a c o n t r o l  experiment t o  record EKG changes a f t e r  i n ­
travenous i n j e c t i o n  of p i t u i t r i n  ( 2  U/kg). Then at 3-day i n t e r v a l s  expe r t ­
ments were run i n  which p i t u i t r i n  w a s  i n j e c t e d  after the  adminis t ra t ion of 
n i t r o g l y c e r i n  ( 0 . 5  mg/kg) , c h l o r a c i z i n  ( 5 mg/kg) , and papaverine ( 2  mg/kg) . 
The s e r i e s  of experiments ended w i t h  t he  i n j e c t i o n  of p i t u i t r i n  alone. A 
t o t a l  of 10 animals w a s  used. The agents under s tudy w e r e  infused i n t r a v e ­
nously 2-3 minutes be fo re  t h e  i n j e c t i o n  of p i t u i t r i n .  

I n  summary, a comparison of t h e  e f f e c t i v e n e s s  of c h l o r a c i z i n ,  papaverine, 
and n i t r o g l y c e r i n  l e d  t o  the same conclusion as t h a t  drawn from inves t iga­
t i o n s  of t h e i r  e f f e c t  on t h e  card iac  blood supply both under normal condi t ions 
and after a p i t u i t r i n - i n d u c e d  spasm of the  card iac  ves se l s .  Chloracizin 
proved t o  be the  most e f f e c t i v e ,  for it completely el iminated the  EKG changes 
t h a t  s e t  i n  a f t e r  t h e  myocardial blood supply w a s  impaired. Papaverine w a s  
a l s o  e f f e c t i v e  i n  most experiments i n  t h a t  it prevented arrhythmia and tended 
t o  l e v e l  out  the  EKG changes r e f l e c t e d  i n  a l t e r a t i o n  of the  T wave and p o s i ­
t i o n  of t h e  S-T segment. N i t rog lyce r in  had no s i g n i f i c a n t  inf luence on the 
myocardial blood supply when t h e  coronary v e s s e l s  w e r e  i n  spasm induced by  



p i t u i t r i n .  I n  j u s t  a f e w  experiments it s l i g h t l y  reduced t h e  impairment of t h e  
ca rd iac  rhythm caused by an i n s u f f i c i e n t  blood supply. 

The r e s u l t s  of one of t h e  experiments performed t o  compare t h e  e f f e c t  of 
t he  above-mentioned substances on EKG changes induced by p i t u i t r i n  are presented 
i n  f i g u r e  39. 
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Figure  39. Comparison of t h e  prophylact ic  e f f e c t  of n i t r o g l y c e r i n ,  
ch lo rac i z in ,  and papaverine a f t e r  impairment of the  ca rd iac  supply 
by intravenous i n j e c t i o n  of p i t u i t r i n  

A - EKG changes induced by intravenous i n j e c t i o n  of p i t u i t r i n  
( 2  U/kg); B - EKG changes induced by  p i t u i t r i n  a f t e r  adminis­
t r a t i o n  of n i t r o g l y c e r i n  (0.5mg/kg); C - EKG changes induced 
by p i t u i t r i n  d t e r  adminis t ra t ion of c h l o r a c i z i n  ( 5 mg/kg) ; 
D - EKG changes induced by p i t u i t r i n  a f t e r  adminis t ra t ion of 
papaverine ( 2  mg/kg) . All t h e  pharmacological agents w e r e  i n ­
j e c t e d  intravenously 2 minutes be fo re  the  i n j e c t i o n  of p i t u i t r i n ;  
E - c o n t r o l  experiment w i t h  only p i t u i t r i n  i n j e c t e d .  

Thus, a f t e r  experimental  impairment of t h e  coronary c i r c u l a t i o n  by p i t u i ­
t r i n ,  which i s  known t o  possess a d i r e c t  vasocons t r i c to r  a c t i o n  (by  con t r ac t ­
ing the  smooth muscles of t he  a r t e r i o l e s ) ,  n i t r o g l y c e r i n  i s  as i n a c t i v e  
as under normal cond i t ions .  According t o  the  observat ions of G .  A. Markova 
(1960),n i t r o g l y c e r i n  has  a weak e f f e c t  on the volume rate of the coronary 
flow i n  experimental myocardial i n f a r c t i o n .  

A s tudy of t h e  a c t i o n  of n i t r o g l y c e r i n  on the  coronary c i r c u l a t i o n  with 
t h e  coronary v e s s e l s  i n  spasm convinced us once again t h a t  the e f f e c t i v e n e s s  
of the drug i n  r e l i e v i n g  anginal. a t t a c k s  i s  not  t o  be a sc r ibed  s o l e l y  t o  i t s  



capac i ty  t o  d i l a t e  t h e  ca rd iac  v e s s e l s .  Accordingly, t h e  o b j e c t i v e  of our  next  
s e r i e s  of experiments w a s  t o  s tudy t h e  e f f e c t  of n i t r o g l y c e r i n  on coronary vas­
c u l a r  ref  l exes  . 

The experiments showed t h a t  i n  doses as low as 0.1-025mg/kg, n i t r o g l y ­
c e r i n  s i g n i f i c a n t l y  (30-40percen t  above t h e  o r i g i n a l  values)  i n h i b i t e d  t h e  
coronary r e f l e x e s  af ter  a l l  t h e  ref lexogenic  zones under s tudy were s t imu la t ed .  
Inc reas ing  t h e  dose t o  0.3-0.5 mg/kg sometimes i n h i b i t e d  t h e  ref lexes  e n t i r e l y .  

The r e s u l t s  of s t a t i s t i c a l l y  processing t h e  experiments with n i t r o g l y c e r i n  
and sodium n i t r i t e  are presented i n  t a b l e  18. Since t h e  i n t e n s i t y  of a r e f l e x  
from t h e  c a r o t i d  s i n u s  r ecep to r s  v a r i e s  with t h e  l e v e l  of a r t e r i a l  p re s su re ,  
which i s  lowered by n i t r i t e s ,  only t h e  changes i n  t h e  r e f l e x e s  caused by stimu­
l a t i o n  of t h e  nerves were considered i n  q u a n t i t a t i v e  determination of t h e i r  
i n t e n s i t y .  It appeared t h a t  t h e  l e v e l  of s ign i f i cance  of t h e  i n h i b i t i n g  a c t i o n  
of n i t r o g l y c e r i n  on t h e  coronary vascular  r e f l e x e s  w a s  very high ( p  < 0.001). 

TABLE 18. JiFFECT O F  NITROGLYCERIN AND SODIUM N I T R I T E  ON 
CORONARY VASCULAR REFLEXES AFTER STIMULATION OF AFFERENT 
FIBERS OF THE TIBIAL NERVE (MEAN DATA I N  PERCENT OF THE 
O R I G I N A L  LEVEL WITH THE STANDARD 13RROR) 

Dose i n  
Agent mg /kg 

N i t  r ogl yre r in 0.7 

Sodium n i t r i t e  1 

I n  a dose of 0.5 mg/kg 
a r i s i n g  from s t imula t ion  of 
66 + 8.7 percent  

Inh i b  it ion Inhib ition 
Signif icance of coronary of blood 
of i n h i b i t  - vascular  re- pressure 
ing ac t ion  f l e x e s  i n  r e f l e x e s  i n  
of t h e  percent o f  percent  of 
substances 1 ori g  i n a1 o r i g i n a l  

values values 

n = 12 
p < 0.001 
t = 6.25 

66 + 8.7 112 f 4 

n =  5 74 t 1 4 . 4  ~3 + 13.8 
p < 0.01 
t = 6.24 

n i t r o g l y c e r i n  i n h i b i t e d  t h e  cardiovascular  ref lexes  
a f f e r e n t  f i b e r s  of t h e  t i b i a l  and median nerves by 

(mean d a t a  of 12  experiments).  The e f f e c t  l a s t e d  15-18 min­
u t e s .  Blood pressure r e f l e x e s  i n  t h e  same experiments were i n h i b i t e d  b y  42 f 4 
percent  of t h e  o r i g i n a l  l e v e l .  It i s  i n t e r e s t i n g  t o  note t h a t  i n  many of t h e  
experiments n i t r o g l y c e r i n  had a r a t h e r  marked e f f e c t  on t h e  r eg iona l  r e f l e x e s .  
Despite complete i n h i b i t i o n  of the cardiovascular  r e f l e x e s ,  t h e  i n t e n s i t y  of 
the blood pres su re  r e f l e x e s  decreased only by 30-50 percent  of t h e  o r i g i n a l  
l e v e l  ( f i g .  40 ) .  

IThe s ign i f i cance  of i n h i b i t i o n  of coronary vascular  r e f  l exes  w a s  determined 
from t h e  c r i t e r i o n  o f  s i g n i f i c a n c e  of t he  mean d i f f e r e n c e .  



l 

-Q
/bo 

b C a 
-

~ 

Figure 40. Effect of nitroglycerin (0.5 mg/kg) on coronary 
vascular reflexes elicited by stimulating afferent fibers of 
the tibial nerve. Top to bottom: blood pressure, perfusion 
pressure, mark of stimulation and administration of the agent, 
time mark - 5 seconds. 

a - background and administration of nitroglycerin; b - 6 min­
utes after administration; c - 9 minutes after administration -
complete inhibition of cardiovascular reflexes; d - 13 minutes 
after administration - restoration of reflexes to the original 
level. 

\ 
The administration of nitroglycerin per os (1-2mg/kg), as in the ex­

periments when it was injected intravenously, resulted in inhibition of the 
coronary vascular reflexes, although the condition of the vessels themselves 
was not perceptibly affected. 

Like nitroglycerin, sodium nitrite inhibited the cardiovascular reflexes. 

The coronary vascular reflexes were inhibited even by low doses (0.3-0.5 mg/kg) . 
However, its effect was most pronounced when administered in a dose of 1 mg/kg. 
"he inhibition of cardiovascular reflexes by sodium nitrite after stimulation 

of afferent fibers of somatic nerves was statistically significant ( p 0.05). 
When injected intravenously, nitroglycerin in a dose of 1 mg/kg inhibited these 
reflexes 74f 14.4 percent (mean data of 5 experiments). Blood pressure re­

flexes were also inhibited by the drug. In the same experiments, inhibition of 

the blood pressure reflexes mounted to 53 f 15.8 percent (table 18). Unlike 

nitroglycerin, the effect of sodium nitrite on reflex changes of perfusion and 

blood pressure became manifested slowly, but it was more persistent. The re­

flexes did not return to the original level until 30-35 minutes after adminis­

tration of the substances. 


Thus, our experiments demonstrate that nitroglycerin and sodium nitrite 

inhibit reflexes of the cardiac vessels without significantly dilating them. 




O f  considerable  i n t e r e s t  i s  t h e  mechanism underlying t h e  i n h i b i t i n g  a c t i o n  
of the n i t r i t e s  on the  vascular  r e f l e x e s  i n  gene ra l  and the cardiovascular  re­
f l e x e s  i n  p a r t i c u l a r .  W e  started experiments t o  e l u c i d a t e  the  matter by inves­
t i g a t i n g  t h e  e f f e c t  of n i t r o g l y c e r i n  on t h e  conduction of e x c i t a t i o n  i n  t h e  ef­
f e r e n t  p a r t  of the r e f l e x  a r c .  Since coronary vascular  reflexes are executed 
by  means of conduction through t h e  sympathetic gang l i a ,  we performed expe r i ­
ments i n  which w e  recorded b iocur ren t s  of the i n f e r i o r  ca rd iac  nerves a f t e r  
e l e c t r i c  s t imu la t ion  of the i r  pregangl ionic  f i b e r s  at t h e  l e v e l  of t h e  3rd­
4th t h o r a c i c  sympathetic ganglion by superintense r ec t angu la r  s t i m u l i  a t  a 
frequency of 30 p e r  second l a s t i n g  0.5  second. The b iocur ren t s  w e r e  de r ived  
from the i n f e r i o r  ca rd iac  nerve b y  means of a b i p o l a r  platinum e l e c t r o d e .  The 
experiments showed t h a t  even i n  l a r g e  doses (0.7-1 mg/kg) n i t r o g l y c e r i n  does 
not  a f f e c t  t h e  t ransmission of e x c i t a t i o n  i n  the sympathetic gangl ia .  The re ­
s u l t s  of one of these experiments a r e  presented i n  f i g u r e  41. 
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Figure 41. Absence of e f f e c t  of n i t r o g l y c e r i n  on t h e  transmis­
s i o n  of e x c i t a t i o n  i n  t h e  tho rac i c  sympathetic ganglion. 

A - b iocur ren t s  of i n f e r i o r  ca rd iac  nerve af ter  s t imu la t ion  of 
i t s  pregangl ionic  f ibers ;  B - af ter  adminis t ra t ion of n i t r o g l y ­
c e r i n  i n  a dose of 0 .5  mg/kg; C - af te r  adminis t ra t ion of 
n i t r o g l y c e r i n  i n  a dose of 1 mg/kg. 

The quest ion then  arose of whether n i t r o g l y c e r i n  i s  capable of blocking 
the  conduction of e x c i t a t i o n  from t h e  postgangl ionic  f ibers  t o  t h e  v e s s e l s .  
We encountered considerable  d i f f i c u l t y  i n  designing appropriate  experiments 
because when the sympathetic nerves supplying the heart  are s t imulated,  it i s  
impossible t o  d i s t i n g u i s h  between t h e  vascular  e f f e c t s  and the ex t r avascu la r  
inf luences e l i c i t e d  b y  sympathetic s t imu la t ion  of t h e  myocardium. To deter­
mine whether the i n h i b i t i n g  e f f e c t  of n i t r o g l y c e r i n  on vascular  r e f l e x e s  may 
be due t o  p e r i p h e r a l  (sympatholytic) o r  c e n t r a l  a c t i o n ,  w e  performed e x p e r i ­
ments i n  which w e  used as a model r e f l e x e s  of the  s m a l l  i n t e s t i n e  e l i c i t e d  
by e l e c t r i c  s t imu la t ion  of the t i b i a l  nerve.  The experiments were conducted 
under the condi t ions of cross  blood c i r c u l a t i o n .  The s m a l l  i n t e s t i n a l  ves­
sels of the c a t  r e c i p i e n t  w e r e  c a r e f u l l y  i s o l a t e d  from t h e  g e n e r a l  c i r c u l a t i o n  
and perfused through a perfusion pump ( a t  a constant  f low rate) wi th  t h e  blood 



of t h e  c a t  donor. The s m a l l  i n t e s t i n e  of t h e  c a t  r e c i p i e n t  w a s  connected t o  t h e  -

organism only through t h e  nerves ( f i g ,  42a) .  E l e c t r i c  s t imu la t ion  of a f f e r e n t  
f ibers  of the t i b i a l  nerve (60 cps,  5 msec, 10 v) caused reflex cons t r i -c t ion  of 
t h e  ves se l s  of' t h e  s m a l l  i n t e s t i n e .  Intravenous i n j e c t i o n  of t h e  donor with 
n i t rog lyce r in  or the vesse l s  of the  reg ion  being perfused r e s u l t e d  i n  t h e i r  
d i l a t i n g .  Meanwhile, however, t he  i n t e n s i t y  of t he  r e f l e x  d i d  not  change. 
On the  other  hand, when n i t rog lyce r in  ( 0 . 5  mg/kg) w a s  i n j e c t e d  in t ravenous ly  
i n t o  the  c a t  r e c i p i e n t ,  t h e  r e f l exes  decreased considerably o r  w e r e  completely 
inh ib i t ed ,  t h e  e f f e c t  l a s t i n g  17-20 minutes ( f i g .  42b).  We concluded from these  
experiments t h a t  t he  i n h i b i t i n g  e f f e c t  of n i t r o g l y c e r i n  on t h e  vascular  r e f l e x e s  
i s  due not  t o  i t s  pe r iphe ra l  ac t ion  but  t o  i t s  inf luence on t h e  c e n t r a l  nervous 
system. 

Figure 42a. Experiment with perfusion of donor blood i n t o  s m a l l  
i n t e s t i n e  ves se l s  r e t a i n i n g  only a nerve connection with t h e  organism. 
The l i g h t  arrows show the  pa th  of t h e  blood from t h e  donor 's  c a r o t i d  
a r t e r y  through t h e  perfusion pump system t o  the r e c i p i e n t ' s  i n t e s ­
t i n a l  ves se l s  and then through t h e  venous system of the r e c i p i e n t ' s  
s m a l l  i n t e s t i n e  t o  t h e  donor's jugular  ve in .  The heavy arrows 
ind ica t e  the  th ree  methods of adminis ter ing g lyce r in  used i n  t h e  
experiments. 

a - r e c i p i e n t ;  b - Aonor; 1 - c a r o t i d  a r t e ry ;  2 - jugular  veins;  
3 - super ior  mesenteric a r t e ry ;  4 - super ior  mesenteric vein;  
5 - femoral ve in .  
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Figure 42b. E f f e c t  of nitroglyc?r.i.ri or! :.e!’l?x changes i n  res is t ­
ance of s m a l l  i n t e s t i n a l  blood vessela  1 m t l w - t h e  condi t ions of 
cross  perfusion.  

Top t o  bottom: perfusion pressure,, h!.wd p res su re ,  mark of ad­
min i s t r a t ion  of t h e  agent,  time xi~.rk” :iseconds 

a,  b - background and r e a c t i o n  of ?.nail. j r i t e s t i n a l  ves se l s  t o  
i n j e c t i o n  of n i t r o g l y c e r i n  (0.3 rrg/kg) i n t o  the  donor; b - ab­
sence of changes i n  i n t e n s i t y  0; r e f l e x  with t h i s  method of ad­
min i s t r a t ion ;  c - immediately af ter  intravenous i n j e c t i o n  of 
n i t r o g l y c e r i n  ( 0 . 5  mg/kg) irito t h e  r e c i p i e n t  - i n h i b i t i o n  of 
i n t e s t i n a l  vascular  r e f l exe ; ;  e - r c s t o r a t i o n  of r e f l e x e s  t o  the  
o r i g i n a l  l e v e l .  

To f i n d  out  whether t h e s e  conclusions h e l d  t r u e  f o r  t he  coronary vascu la r  
r e f l e x e s  as w e l l ,  we r an  s t i l l  another s e r i e s  of experiments i n  which n i t r o ­
g l y c e r i n  w a s  i n j e c t e d  d i r e c t l y  i n t o  the c e r e b r a l  v e s s e l s  through the  v e r t e b r a l  
a r t e r y  so as t o  delay i t s  reaching t h e  ca rd iac  v e s s e l s .  Accordingly, t h e  s i z e  
of t h e  perfusion system w a s  a r t i f i c i a l l y  enlarged with a c o i l  a t tached t o  t h e  
pump. The diameter and number of s p i r a l s  were s e l e c t e d  i n  such a f a sh ion  t h a t  
t h e  time required f o r  t h e  blood t o  flow from t h e  c a r o t i d  a r t e r y  t o  the  coronary 
v e s s e l s  would t ake  2 minutes longer .  The temperature of t h e  blood passing 
through t h e  c o i l  w a s  maintained by means of a water b a t h  and thermoregulator 
( f i g .  43a). 

It w a s  found t h a t  n i t rogen  i n j e c t e d  i n t o  t h e  v e r t e b r a l  a r t e r y  i n h i b i t e d  
t h e  coronary vascular  r e f l e x e s  wi th in  30-35 seconds, although it d i d  not  reach 
t h e  coronary v e s s e l s  f o r  2 minutes. Note t h a t  t h e  r e f l e x e s  w e r e  i n h i b i t e d  by 
doses as low as 0.03 mg/kg and d i s t i n c t l y  so by doses of 0.09-0.1mg/kg ( f i g .  
43b) 
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Figure 43a. Diagram of experiments w i t h  n i t r o g l y c e r i n  delayed i n  
reaching the ca rd iac  v e s s e l s .  The l i g h t  arrows show the  pa th  of 
the blood from t h e  c a t  c a r o t i d  a r t e r y  through t h e  perfusion pump 
system t o  t h e  o u t l e t  of which i s  connected a c o i l .  The heavy ar­
row i n d i c a t e s  the in t roduc t ion  of n i t r o g l y c e r i n  i n t o  t h e  c e r e b r a l  
ves se l s  through t h e  v e r t e b r a l  a r t e r y .  

Figure 43b. E f f e c t  of n i t r o g l y c e r i n  (0.09mg/kg) i n j e c t e d  i n t o  
c e r e b r a l  v e s s e l s  on r e f l e x  changes i n  r e s i s t a n c e  of t h e  coronary 
v e s s e l s  and on blood pressure.  Top t o  bottom: perfusion p res ­
sure  ( r e s i s tog ram) ,  blood pressure,  mark of s t imu la t ion  and ad­
min i s t r a t ion  of t he  agent ,  time mark - 5 seconds. 

These experiments showed t h a t  t h e  i n h i b i t i n g  a c t i o n  of n i t r o g l y c e r i n  on 
coronary vascular  r e f l e x e s  i s  due t o  i t s  in f luence  on t h e  c e n t r a l  nervous system. 
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We do not  as y e t  have experimental  data t h a t  might throw l i g h t  on t h e  l e v e l  at 
which t h e  c e n t r a l  a c t i o n  of n i t r o g l y c e r i n  i s  realized o r  on t h e  reasons f o r  t he  
somewhat s e l e c t i v e  a c t i o n  exh ib i t ed  i n  our experiments by g l y c e r i n  on t h e  coro­
nary vascular  r e f l e x e s .  These problems cannot be solved without the use of 
special. techniques.  

Our observat ions which showed t h a t  n i t r o g l y c e r i n  i n h i b i t s  coronary vas­
c u l a r  reflexes without markedly d i l a t i n g  the vessels warrant  a reexamination of 
ear l ier  ideas  on t h e  na tu re  of i t s  e f f e c t  on t h e  coronary c i r c u l a t i o n .  The 
e f f e c t i v e n e s s  of t h e  drug i n  angina p e c t o r i s  obviously cannot be a t t r i b u t e d  
pu re ly  t o  i t s  d i r e c t  v a s o d i l a t o r  a c t i o n ,  as w a s  previously thought.  I t s  capa­
c i t y  t o  i n h i b i t  t h e  r e f l e x e s  that r e s u l t  i n  c o n s t r i c t i o n  of the coronmy ves­
sels  may w e l l  p l a y  a major r o l e  i n  i t s  mechanism of a c t i o n  on t h e  cardiac 
blood supply. 

A s  f o r  t h e  n i t r i t e s  and n i t r a t e s ,  t h i s  group s e e m s  t o  contain unusual ly  
promising drugs f o r  t r e a t i n g  angina p e c t o r i s ,  judging b y  observat ions of r ecen t  
yea r s ,  e s p e c i a l l y  some new ones which have a longer l a s t i n g  a c t i o n  t h a n  n i t r o ­
g l y c e r i n .  Among t h e  drugs now s o l i d l y  entrenched i n  medical p r a c t i c e  are 
n i t r a n o l  ( t r i e thano lamine  t r i n i t r a t e  diphosphate) and ni t ropeptone (pentaery­
t h r i t o l  t e t r a n i t r a t e )  . Note, however, t h a t  they have been sca rce ly  i n v e s t i ­
ga t ed  experimentally.  Their  pharmacological ac t ion  has been s tud ied  mainly 
with r e spec t  t o  t h e  du ra t ion  of t he  vasod i l a to r  e f f e c t  as compared with t h a t  
of t h e  more f a m i l i a r  drugs.  

Both drugs have been demonstrated t o  possess t h e  capac i ty  t o  i n t e n s i f y  
blood drainage from t h e  coronary v e s s e l s  i n  experiments on the  i s o l a t e d  h e a r t  
and t o  inc rease  t h e  volume rate of t h e  coronary flow i n  i n t a c t  animals (Mel­
v i l l e  and Lu, 1951; Winsor and S c o t t ,  1955; M .  D .  Mashkovskiy and B .  A.  Med­
vedev, 1958). It i s  i n t e r e s t i n g  t o  no te ,  however, t h a t  Winsor and S c o t t ,  who 
recorded the blood flow i n  .the coronary vesse l s  wi-th a rotameter ,  were ab le  t o  
inc rease  t h e  rate of t h e  blood flow with nitropeptone i n  doses equivalent  t o  
t h e  the rapeu t i c  by only 9 f 4 percent (mean d a t a  of 4 experiments).  

These f ind ings  imply t h a t  t h e  e f f e c t i v e n e s s  of ni t ropeptone i n  t h e  treat­
ment of angina p e c t o r i s  can s c a r c e l y  be a t t r i b u t e d  t o  i t s  d i r e c t  vasod i l a to r  
e f f e c t .  This view i s  i n d i r e c t l y  confirmed by t h e  f a c t  t h a t  bo th  of t h e  above-
mentioned drugs do not change t'ne l e v e l  of systemic a r t e r i a l  pressure and t h a t  
t hey  seem t o  a f f e c t  t h e  blood c i r c u l a t i o n  i n  d i f f e r e n t  vascular  regions of t h e  
body unequally.  For example, according t o  Winsor and S c o t t ,  n i t ropeptone 
s c a r c e l y  a f f e c t s  the s k i n  temperature and flow of blood i n  t h e  f i n g e r s  ( p l e ­
thysmographic s tudy) .  P f e i f f e r  (1950) i n v e s t i g a t i n g  t h e  e f f e c t  of n i t r a n o l  
on s e v e r a l  hemodynamic i n d i c e s  i n  human beings found t h a t  it reduces t h e  ca r ­
diac output  and a c t i v i t y  without  lowering blood p res su re .  Calculat ion of the 
t o t a l  p e r i p h e r a l  r e s i s t a n c e  showed t h a t  it rises on ly  s l i g h t l y .  These data 
can be explained by t h e  f a c t  t h a t  n i t r a n o l ,  l i k e  ni t ropeptone,  a f f e c t s  t h e  
r e s i s t a n c e  of blood v e s s e l s  i n  d i f f e r e n t  p a r t s  of t h e  body unequally. 

The above-described p r o p e r t i e s  are grounds f o r  b e l i e v i n g  t h a t  t h e  mechan­
i s m  of a c t i o n  of t h e  substances on t h e  coronary c i r c u l a t i o n ,  l i k e  t h a t  of n i t r o ­
g l y c e r i n ,  i s  n o t  due s o l e l y  t o  t h e i r  d i r e c t  myotropic e f f e c t  on t h e  ca rd iac  
v e s s e l s .  S p e c i a l  experiments are needed t o  throw more l i g h t  on t h e  s u b j e c t .  



Ni t rano l  and ni t ropeptone have been e x t e n s i v e l y  t e s t e d  i n  the  c l i n i c ,  if 
not  experimental ly  s tud ied .  It has been found t h a t  when taken o r a l l y ,  t h e i r  
e f f e c t  s e t s  i n  slowly, reaching a maximum t h e  f i r s t  hour b u t  p e r s i s t i n g  f o r  4-5 
hours more. They are a l s o  used t o  prevent ang ina l  a t t a c k s  (Spuhler ,  1949; 
Dailhei-Geoffrey,  1951; Palmer and Ramsey, 1951;Winsor and Humphreys, 1952; 
Weitzman, 1951;Heller ,  1956;F u l l e r  and Kassel, 1955;Risman, Aetman, and 
Koretsky, 1958,A .  B .  Zborovskiy, 1957; Z .  V. Ooipova, 1958; I .  A .  Levina and 
Y e .  A. Gruzina, 1958; M. D .  Zaukin, N .  P. Gorokhova, Z .  A .  Stefadu,  T .  A .  Z a i ­
k ina ,  and V. 0 .  Moiseyev, 1959;A .  M .  Yeliseyeva, G .  A .  Serova, and T .  B .  L i r i n a ,  
1959; o t h e r s ) .  

Judging from t h e  r e s u l t s  of a comparative EKG s tudy of t h e  e f f e c t i v e n e s s  
of t hese  drugs i n  the t reatment  of angina p e c t o r i s ,  ni t ropeptone i s  t h e  more ac­
t i v e .  T h i s  w a s  t h e  conclusion, f o r  example, of Russek, Zohman, D~umm,Weingar­
t e n ,  and Dorset (1955), who compared t h e i r  a c t i o n  with t h a t  of other  c o r o E a y  
d i l a t o r s  with prolonged a c t i o n  - n i t r a n o l  (metamine, p a v e r i l ,  and n i t r o g l y c e r i n )  
EKG changes i n  p a t i e n t s  a f t e r  tiley performed s tandard exe rc i se s  served as t h e  
t e s t .  They found t h a t  only nitropeptone i s  capable of e l imina t ing  t h e  EKG 
changes i n d i c a t i v e  of an impaired cardiac blood supply. The other  substances 
t e s t e d  do not  have t h i s  ac t ion  and they  produce only a sub jec t iqe  improvement 
i n  p a t i e n t ' s  condi t ion.  It i s  i n t e r e s t i n g  t o  note t h a t  t he  capac i ty  t o  improve 
t h e  EKG changes a t t endan t  upon phys ica l  e x e r t i o n  by p a t i e n t s  with axgina per­
t o r i s  i s  c h a r a c t e r i s t i c  of very few of t h e  pha rmaco log i~a lagents used f o r  
coronary i n s u f f i c i e n c y .  Only n i t r o g l y c e r i n  and papaverine 1-11 1 - a g e  doses above 
the  u s u a l  t he rapeu t i c  ones have it (Russek, Urbarh, Doerrler, a d  Zohman, 1953). 
Thus, t h i s  property,  which i s  found mainly i n  t h e  n i t r i t e s ,  ev iden t ly  r e f l e c t s  
i n  p a r t  t h e  na tu re  of t h e i r  mechanism of a c t i o n .  

I n  summary, t h e  following conclusion may be  c1raw-i from our observat lons on 
t h e  e f f e c t  exer ted by phci-rrincological a g e n t s  on co~of i a ryvascular  ref  l e x e s  . 
Analgesics - morphine, t?eoodeine, denierol, a n d  rethadon - i n  r e l a t i v e l y  small 
doses (1-2  mg/kg) can i r i i : I b i t  these r e f l e x e s .  I4ethadon i.s ?a r t i cu . l a r ly  a c t i v e  
i n  t h i s  r e s p e c t ,  f o r  i n  most cases i t  :I: .I .: .'-#,, them completely. The phenothia­
zine d e r i v a t i v e s  have a potelit e f f e c t  on til? cardiovascular  r e r l e x e s .  Even 
i n  such s m a l l  doses as 0..)-1 rrg/kg chlxpro:uazirLe car! i r . h ib i t  t hese  r e f l e x e s  
s i g n i f i c a n t l y ,  although ch lo rao iz in  h a 3  a muzh m a k e r  e f i ' ec t  , ever, Then doses 
10 t imes as l a r g e  (5 mg/kq) a r e  c;se.i, The i n h i b i t i o n  o r  c o r m a r y  vascular  
r e f l e x e s  apparent ly  plays a najor  r~ : i . ei n  tne n i t r i . t e s '  mecliiai-Ii3rn of ac t ion  
on t h e  cardiac blood supply. 

Thus , our i n v e s t i g a t i o n s  have shown C,kiat stGdies dea.1 i ::,: r.Jit.h the  e f f e c t  
of var ious drugs on nervoxs reg;: i lation of t h e  ca:rdia-. -iciisi).lc nay well  provide 
f r e s h  i n s i g h t  i n t o  t h e i r  mechanism of ac t ion  on t h e  ~at'~,?~j.a;-.I?lo,2d suyply. 

I n  summary, we wish t o  emphasize once agairi t h a t  plizr* : I  'ol.o{:y now h a s  broad. 
oppor tun i t i e s  f o r  a id ing  p rac t i c ing  T.hysicians i n  cont.rol3.. .<r ?0'311ary d i sease .  
However, t he  p re sen t  le.Je1 of' resear-h i s  not sluffi c  i c - , t J . , y  IlevelJped t o  pc?rmlt  
t he  use of a l l  coriceilrable jrays by w;ii.:h drugs -.ana- t  on  Lhe cardiac blood 
supply. Un t i l  r e c e n t l y ,  information 0 1 1  agents  capakie of improving the cardiac 
c i r c u l a t i o n  was l i m i t e d  mostly t o  substances t h a t  r e l a x  the smooth muscles i n  
the  w a l l s  of t h e  coronary v e s s e l s .  ThLs gave r i s e  %a t:ie term "vasodila't .ors", 
which have f r e q u e n t l y  been erroneously equated w i  tL1 subs tances  t h a t  improve the  
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coronary c i r c u l a t i o n .  But w e  can now say  wi th  some confidence t h a t  d i l a t a t i o n  
of the  coronary vesse l s  i s  not  t h e  only  way of normalizing t h e  card iac  blood 
supply. It i s  o f t en  necessary t o  use drugs t h a t  normalize the  coronary c i r cu ­
l a t i o n  by r e l i e v i n g  spasms provoked by r e f l e x  vasocons t r ic tor  in f luences .  These 
drugs are c l e a r l y  j u s t  as necessary t o  hal t  acute  a t t a c k s  of angina p e c t o r i s  as 
agents of myotropic a c t i o n ,  which d i l a t e  t h e  coronary vesse l s  and h e l p  t o  ac­
c e l e r a t e  t h e  development of c o l l a t e r a l  c i r c u l a t i o n  i n  the  h e a r t  whose vesse l s  
have been a f f ec t ed  by chronic a the rosc l e ros i s .  

While papaverine,  t h e  purines  (theobromine, theophyl l ine ,  and euphyl l ine) ,  
and ch lo rac i z in  a re  e f f e c t i v e  i n  cases  of chronic coronary in su f f i c i ency ,  t h e  
n i t r i t e s  o r  ana lges ics  are gene ra l ly  a c t i v e  i n  acute  a t t acks  of angina pec­
t o r i s .  El iminat ion of neurogenic inf luences on the  coronary vesse l s  may be 
a l s o  achieved by  using neuroplegic agents  (chlorpromazine, mepazine). 

Action on myocardial metabolism i s  extremely important i n  normalizing t h e  
cardiac blood supply. Recent s t u d i e s  ind ica t e  t h a t  a number of pharmacological 
agents previously regarded as possessing myotropic ac t ion  improve the  coronary 
c i r c u l a t i o n  by ac t ing  p r imar i ly  on myocardial metabolism. There are grounds 
f o r  be l iev ing  t h a t  papaverine,  f o r  example, has such a mechanism of ac t ion  on 
the  cardiac blood supply.  

It i s  t o  be hoped tha t  f u r t h e r  research  on t h e  pharmacology of the  coro­
nary c i r c u l a t i o n  w i l l  no t  only enlarge the a r s e n a l  of pharmacological agents 
ava i lab le  t o  the  i n t e r n i s t ,  b u t  he lp  him t o  use them more e f f i c i e n t l y  i n  t r e a t ­
ing var ious c i r c u l a t o r y  d i so rde r s .  
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